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PREFACE TO THE GERMAN EDITION. 



The author's object in writing this work was to bring 
together all that was known on the subject of toxines, 
the definition of a toxine being based on chemical grounds 
and on the side-chain theory, quite independently of the 
origin of the poison. 

Hence it follows that although this book may be 
regarded as complete in one respect — viz., that it does, in 
fact, give a comprehensive idea of toxines as a whole — yet, 
at the same time, it was not part of my plan to deal with 
all the toxic substances of a doubtful nature that are 
formed in animals and plants. For this reason many 
animal and vegetable poisons, the tdxine character of 
which is open to question {e.g., fish venoms), have only 
been described very cursorily, while no mention has been 
made of others {e.g., bee-poison, which is probably of a 
basic nature). 

In my attempt to give an exact outline of the toxines 
themselves and their antitoxines, I have had practically 
no previous work of importance at my disposal. 

Therefore, so far as it was possible, I have obtained 
my facts solely from the original papers. Yet I cannot 
but fear that my book remains a torso, since much that 
has been written on toxines is scattered through different 
journals, many of which seem unlikely to deal with such 
a subject, and it is therefore probable that many facts 
may have escaped my notice. 

CARL OPPENHEIMER. 



NOTE BY THE TRANSLATOR. 



This book is in many respects a companion volume to 
"Ferments and their Actions," by the same author. As 
in that case, I have made numerous additions to the text, 
so as to include the more important facts that have been 
made known since the appearance of the German Edition, 
and the selection from the voluminous mass of new 
matter has been made by Dr. Oppenheimer himself. 

C. A. M. 
Gray's Inn, 
London, W.C, Jwm, 1906. 
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V 



GENERAL. 



Introdnction. — Not long after the principles of bacteriology had 
been established by Robert Koch, it became the general belief 
that it was not, in the main, to the bacteria themselves that the 
chief symptoms of infectious diseases were to be attributed. It 
was soon recognised that the living micro-organisms were, for 
the most part, only indirectly harmful, and that their chemical 
products were to be regarded as the immediate cause of the 



Brieger, in particular, pointed out in the very early days of 
bacteriology that search ought to be made for the specific poisons 
of bacteria, and he himself endeavoured to discover and isolate 
these hypothetical poisons. 

He first separated from culture media that had been altered by 
the growth of bacteria, and notably from the mixed products of 
putrefaction, a series of well-defined chemical substances which he 
termed ptomaines — nitrogenous bases, some of which were virulent 
poisons. These substances, however, proved n^t to be the real bac- 
terial poisons. They were not the weapons used by the parasites in 
living bodies. They were not the specific bacterial poisons, which 
were first grouped under the collective name of " Toxines." Then 
by degrees the conception of a toxine underwent a natural process 
of specialisation, so that the term began no longer to connote the 
poison isolated from any given products of decomposition formed 
in the vital processes of bacteria, but to be limited to the specific 
bacterial poison that caused specific illness. Hence this tendency 
to limit the connotation developed without being the result of 
conscious thought, or much less of being formulated in set terms. 
The confusion in the definition was still further increased by the 
fact that a series of bacterial poisons, apparently related to the 
proteids, were termed toxalbumins. Under this name were in- 
cluded, not only certain poisons that we must to-day regard as 
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true toxines, but also others that had nothing in common with 
them except their apparent proteid nature. 

On the other hand, one very important and far-reaching theo- 
retical result of these researches was that a comparison was drawn 
between these bacterial toxalbumins and other toxalbumins of 
the animal and vegetable kingdom, such as snake poison and the 
like on the one hand, and on the other the poisonous vegetable 
proteids ricine, abrine, and crotine, first investigated by Kobert 
and his pupils. The most important deduction from this point 
of view was that first drawn at a later period by Ehrlich, Cal- 
METTE, and others — viz., that the specific bacterial poisons do, as 
a matter of fact, enter into a fundamental relationship with the 
cell products in question of higher organisms to form specific 
" anti-bodies " in the organism of the attacked animal, so that 
Ehrlich's side-chain theory was applicable in general to their 
action. These poisons are ha/ptinea in Ehrlich's conception, 
and, as regards the theory, it matters little what was their origin. 
Brieger's great service lies in the fact that he was the first to 
show a relationship between bacterial poisons and other known 
poisonous substances. Hence it is not a very essential point 
that Briegrr's views require modification in two respects, in 
consequence of later researches, of which his own were not the 
least important. In the first place, the relationship towards 
other toxalbumins does not hold good in the case of all the bac- 
terial poisons isolated by Brieger, for very many of these are 
substances of non-specific character, not comparable with ricine, 
<kc., since they are not haptines. In point of fact, there remain 
practically only the poisons of diphtheria, tetanus, Bdcillus 
botulinus, and B. pyocy emeus as typical trv^ toxines (e.^., 
tetanolysine, staphylolysine, and staphyloleucocidine, with pro- 
bably also the blood-solvent poisons of other bacteria), and some 
others, such as the poisons of cholera and typhus. Moreover, 
Brieger himself, at a later period, stated that his diphtheria 
toxine was not a proteid, and the proteid nature of ricine is also 
very doubtful, whereas snake poisons, even in the present condi- 
tion of our knowledge, appear to be proteins. In this respect, 
however, toxines resemble the closely analogous enzymes, among 
which, in addition to, presumably, true proteids (trypsin, diastase 
C?) ), there are substances of high molecular weight that belong to 
another class (pepsin, invertase). The definition of a true 
"toxine" is, therefore, arrived at in the following manner in 
the case of bacterial poisons : — 

All bacteria produce certain chemical substances in the media 
in which they develop. 
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Although many of the bacterial substances formed in the most 
different ways are products of secondary decomposition due to 
obvious chemical reactions, yet beyond doubt some of them are 
primary products of bacterial metabolism. 

Some of these metabolic products are more or less virulent 
poisons. In this respect there is, in general, no difference 
between pathogenic and non-pathogenic micro-organisms. 

Thus, even when substances of this kind are poisonous, they 
have certainly nothing to do with the poisoning of an organism 
through the invasion of bacteria, even assuming they are pro- 
duced by pathogenic micro-organisms. Such poisons, for instance, 
as neurine have their specific effects, whether produced by bac- 
teria or by purely chemical reactions. Hence they must be 
eliminated first of all from the definition of a toxine. 

In the second place, a series of substances has been prepared 
by different processes from the dead cells of many species of 
pathogenic micro-organisms. These are of a proteid nature, as, 
for example, Buchner's bacterial proteins, and are more or less 
poisonous. But their toxic effects differ but little whatever their 
origin. They never show a specific character, and never produce 
symptoms resembling those of specific diseases. In addition to 
this, the cell protoplasm of many bacteria contains toxic proteids 
that cannot be isolated from the protein, and these are also non- 
specific in their action. 

Excluding these, what is left on which to base the definition 
of a toxine ? Certain pathogenic bacteria, when grown in a pure 
cultivation, produce poisons that dissolve in the liquid nutrient 
media, and can only be obtained in an undecomposed, concen- 
trated, and imperfectly purified condition by the most careful 
treatment — substances which are not ptomaines and not proteids 
(vide infra). 

Such substances have been isolated, in particular, from pure 
cultivations of the bacilli of diphtheria and tetcmus, and they are 
the true bacterial toxines in the narrower sense of the word. In 
like manner all those more definite chemical poisonous substances 
formed in the cells of higher animals and plants must be separated 
from the toxines. 

The latter form a class of substances whose definition is found 
in their nature and characteristic mode of action, irrespective of 
their origin. 

Toxines are characterised in the first place by a sum of external 
properties. Their chemical structure is absolutely unknown. 
They are extremely unstable, and very sensitive towards even 
slight chemical influences, and especially towards the action of 
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heat They are not proteids and not toxalhumins, and they show 
many remarkably close analogies with ferments. 

Physiologically, they are distinguished by being under suitable 
conditions extremely poisonous, far more so than any other 
known poisons. Nearly all toxines have also the peculiar 
characteristic of not acting immediately , but only after a latent 
period, a tim>e of incitbation, in which respect their action is 
analogous to the poisoning by living bacteria. In spite of their 
being so extremely poisonous to many animals, exceeding in this 
respect the most active of the simple poisons, such as hydrocyanic 
acid, they yet exhibit in only a few cases (e.g., snake poison) the 
immediate action that is characteristic of the simpler poisons. 
Above all, they are characterised by the specific nature of their 
action. Toxines have a peculiar form of activity characteristic of 
the whole group, as we shall subsequently see. In addition to 
this, each individual toxine has its own particular mode of action, 
which, in the case of bacterial toxines, shows a close relationship 
with the disease produced by the parent cells, being completely 
analogous in the case of tetanus poison. They are also strictly 
specific in the narrower sense of the word — i.e., they are only 
able to injure certain living organisms, whilst they have abso- 
lutely no effect upon other organisms (some of which are closely 
allied to them), with which they stand in the fundamental highly 
important relationship of natural immunity. Nor are their 
relationships of acquired immunity less important, for it is a 
fundameniial property of toxines to produce in the organism 
attacked antidotes of a strictly specific nature, which render the 
poison harmless in vivo, and, when separated from the parent 
organism, can also exercise their neutralising activity in vitro, 
each on its respective toxine, and only on that. 77iu8, each true 
toxine has also its corresponding true antitoxine. 

Incidentally, it may be mentioned that hitherto all attempts to prepare 
true antitoxines to the simple crystalloid poisons have been unsuccessful. 
Even the recent statement dv Hirschlaff,^ who claimed to have prepared 
an antimorphine serum, has been shown by Morgknroth^ to be completely 
unsupported by the facts, and to have been due to want of accuracy in the 
preparation of the minimum lethal dose. 

Not only have we data for forming a conception of what a 
toxine is chemically and physically, but we also have a theory 
based upon them. According to Ehrlich's side-chain theory, a 
toxine is a poison which possesses a^ least ttvo specific atomic 

^ Hirschlaff, "Antimorphinserum," Berl. Jdin. Woch,, 1902. 

2 Morgenroth, "Zur Frage d. Antimorphinserum," ibid., 1903, 21. 
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grotipsj — a haptophore group, whose function it is to enter into 
combination with the attacked cells, and a toxophore group, which 
produces the toxic effects. Every substance that possesses a 
specific affinity, a suitable haptophore group, for definite com- 
plex groupings of protoplasm, is a haptine, and every poisonous 
haptine that also possesses a toxophore group is a toxine. We 
must therefore base our definition of a toxine in accordance 
with this, and rigorously exclude from the toxines any poisonous 
substance that is not a haptine and that does not produce an 
antitoxine. 

This has been much more easily done in the case of mineral 
and vegetable poisons, for no one would dream of including 
among the poisons, in the narrower sense, the alkaloids, &c., 
of plants, or the few poisonous crystalline substances that can 
be isolated from the secretions and organs of animals, such as, 
for example, the alkaloids in the skin of the toad, adrenaline, &c. 
But it is of much more importance to eflfect a classification 
of bacterial poisons by means of this sharp definition. We 
must, in the first place, separate from the toxines all non-specific 
substances as defined above, from whatsoever bacteria obtained. 

But a still further classification is introduced by the fact that 
there are probably specific bacterial poisons, which are only pro- 
duced by definite groups of bacteria, and exert specific activity, 
but which are not haptines, do not form anti-bodies, and are 
therefore not toxines. Poisons of this nature appear to play a 
part — e.g., in tuberculosis. They will be shortly discussed in 
the special part. In addition to these there is a whole series 
of very imperfectly known bacterial poisons, whose specific 
nature and toxine character there are strong reasons for 
doubting. 

Most difficult of all is the question of the poisons produced 
by certain bacteria, notably those of cholera and typhus. Their 
toxines are scarcely known in the free state, and the poisons 
excreted by them do not appear to be the true toxines. On the 
other hand, we find among them another type, which presents 
great difficulties in the way of closer investigation. These are 
the endotoxines, which are firmly attached to the living cells, 
and are thus comparable with the endo-enzymes of yeast and 
animal organs. We shall discuss these more fully in a subse- 
quent chapter. 

On Toxines in General. — The true toxines, as defined above, 
are characterised, we repeat, by their physical and chemical 
properties in the aggregate, which we have now to describe 
more closely, combined with their fundamental property of 
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splitting off free haptophore side-chains in suitable organisms 
— i.e., of producing anlitoxines. 

Although each individual toxine possesses its own character- 
istics, which can only be dealt with properly in the special part, 
yet all true toxines have a number of properties in common 
which justify us in speaking of them collectively. 

Bacterial toxines share these properties with all the other 
toxines known to us, such as snake venoms , the poison of the 
blood of the eel and murcena^ spider and toad venoms, ricine, 
abrine, crotine, &c. 

In the first place, the Tnode of production is common to the 
bacterial toxines. They are to be regarded not, it would seem, 
as the products of culture media altered by the invasion of 
bacteria, but, as was demonstrated by Buchner,^ as the actual 
products of the cell protoplasm, as secreted products of bac- 
terial cells. Just as the cell of the pancreatic glands produces 
and secretes its trypsin and the starch cell of wheat endosperm 
its diastase, so do the bacterial cells secrete their specific toxines. 
The fact that in the case of certain micro-organisms — e.g., of 
cholera, &c. — the toxines may, under suitable conditions, be 
retained firmly in the protoplasm, has also its analogy among 
ferments, for we find the yeast enzymes possessing exactly the 
same characteristic. 

When grown upon suitable culture media, pathogenic micro- 
organisms that produce toxines usually develop their charac- 
teristic poisons within a very short time. Thus, Spronck^ 
obtained a very active diphtheria toxine within forty-eight hours. 

The virulence increases, however, with the age of the culti- 
vation. Roux and Yersin^ found that a filtered diphtheria 
cultivation of seven days' growth killed a rabbit in six days, 
but that after forty-two days' growth an equal dose of the same 
cultivation caused death in a much shorter time. Spronck's 
diphtheria toxine was ten times more virulent after five or six 
days' than after forty-eight hours' growth. Still, the virulence 
attains its maximum after a certain time, and then begins to 
diminish owing to the decomposition of the toxine {vide infra. 
Toxoids), so that old cultivations become less poisonous. Then, 
after a fairly long time, the degree of virulence usually becomes 
constant. 

^ Buchner, **Die Bedeutung der aktiven loslichen Zellprodukte, &c.," 
Munch, med. Woch., 1897, 12. 

2 Spronck, **Prgpar. de la tox. dipth.," Aim, Past., xii., 701, 1898. 

' Roux and Yersm, " Contribution ^ I'^tude de la diphtheric," ibid., iii., 
273, 1889; iv., 385, 1890. 
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The kind of culture medium naturally has the greatest influence 
on the production of the poison. 

In general, bouillon cultivations are employed, usually with 
the addition of a certain proportion of peptone; but culture 
media are also frequently prepared from meat extracts, yeast 
extracts, &c. 

Agar and other nutrient media can hardly be advantageously 
employed. Interesting experiments have been made to produce 
toxines in proteid-free culture media, as, for instance, in aspara- 
gine solutions containing suitable salts (Armand and Charrin i), 
and in dialysed urine. Satisfactory results, however, have not 
yet been obtained (Guinochet,^ Uschinsky^). Zinno's* explana- 
tion of apparently successful attempts to produce toxines in such 
proteid-free culture media is, that only traces of proteid are 
necessary for the production of detectable amounts of poison. 
As a matter of fact, the quantities of toxine thus produced are 
extremely small. He concludes, from his own experiments, that 
the presence of a small amount of proteid is indispensable. 

Speaking generally, this factor varies so greatly with the kind 
of toxine that the reader must be referred to the special part, 
where a full description is given of the different methods that 
have been employed to obtain the largest possible yield of 
toxines. 

Here we will only point out briefly that too great acidity or 
alkalinity of the medium must always be avoided, and that, in 
general, the same precautions with regard to temperature, &c., 
must be observed as are usually taken to obtain the most active 
and virulent cultivations of bacteria. 

One point, however, of special interest may be mentioned here. 
The production of a very active and virulent growth of the 
bacteria themselves is not invariably accompanied by the de- 
velopment of very energetic cultures of their toxines. For, on 
the one hand, it would seem that the production of poison by the 
bacteria is not a direct function of their activity of growth or 
their high degree of virulence. Indeed, in the case of diphtheria, 

^ Armand and Charrin, "Transformation de la Mati^re organique azot^, 
&c.," Bvll, Med., 1891, 356; 1892, 957. Absts. in GentroUhL/, Bakt,, xi., 
248, 1892. Cf. Buchner, " Bakteriengif te und Gegengifte," Munch, med, 
WocK, 1893, 449. 

2 Guinochet, '* Con^rib. k P^tude de la toxine du bacille de la diph- 
th^rie," ibid., 1893, 293. 

* Uschinsky, "Les Poisons de la diphth^rie et du cholera," ibid., 1893, 
293. 

* Zinno, "Beitr. z. Stud. d. Entstehung der Toxine," Centralhl.f. Baht.y 
xxxi., 42, 1902. 
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there may be very energetic growth of bacteria, whilst the 
culture medium is absolutely non-toxic (Lubowski ^). 

Moreover, in the case of vegetable and animal toxines, the 
production of poison depends on manifold physiological condi- 
tions, such as age, nutrition, <fec., with which points we will deal 
more fully in the special part. 

On the other hand, it is beyond question that certain agencies 
increase the growth, and eventually the virulence, of the bacteria, 
but redtice the yield of toxines. This is due to the fact that they 
partially destroy the toxine already formed. Even when agencies 
of this kind increase the production of toxine simultaneously with 
the vigour of growth of the bacteria, yet, if employed too freely, 
the amount of toxine destroyed exceeds that of new-formed 
toxine, so that the final result is a diminished yield of toxine. 
Thus, when such agents are employed (e.g., the admission of air 
to diphtheria cultivations), it is possible to plot a curve, the 
abscissae of which represent the increasing quantities of the 
agent, and the ordinates the final yields of toxine. So long as, 
for example, the introduction of air causes the diphtheria bacilli 
to produce an abundance of toxine and the simultaneous destruc- 
tion by the current of air of toxine already formed keeps within 
narrow limits, the curve will rise. But by degrees the destruc- 
tive effect of the air outweighs its favourable influence on the 
production, and the curve falls again. There is thus an inter- 
mediate point at which, with a definite intensity of air current, 
there is a maximum yield of toxine, and its position obviously 
depends on numerous conditions, such as the nature of the 
growth, the culture medium, temperature, &c. This optimum is 
hardly ever realised in practice, the result being, as we shall see 
later, that conflicting statements are made as to the benefit or 
injury produced by the same agents. 

In addition to the introduction of air, other factors may have 
a similar effect. Thus, an increase of temperature may influence 
both the production and the decomposition of a toxine. On the 
other hand, there are apparently agents that do actually increase 
the final yield of toxine. A considerable amount of work has 
been done in these experiments to obtain larger quantities of 
toxines by the use of the most suitable culture media and tem- 
peratures, by the addition of special substances, <fec., so that 
highly poisonous cultivations of the most important toxines can 
now be prepared. These methods, however, are of an entirely 
special character, and it is hardly possible to give at this stage 

^ Lubowski, "Ueber einen atoxischen and avirulenten Diphtheriestamm,'' 
Zeit.f. Hyg.y xxxv., 87, 1900. 
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any general method of importance that is universally applicable 
to aU toxines. 

On the other hand, we must not omit to mention briefly here 
that toxine solutions do not invariably have a uniform strength. 
This phenomenon manifests itself notably in the case of tetanus 
poison. Apart from the fact that Nicolaier's bacillus produces 
two totally different poisons — viz., that which causes the charac- 
teristic symptoms of tetanus, and tetanolysine (q.v.) — very great 
differences are also to be observed in individual solutions of the 
poison as regards their specific activity. Although, as a general 
rule, tetanus poison is considerably more toxic for guinea-pigs 
than for rabbits, yet there are also some preparations of the 
poison that are almost as deadly for rabbits as for guinea-pigs 

(TiZZONi). 

Behring has confirmed this statement with regard to Tizzoni's 
poison, and has also found in the case of his own cultivations 
that certain parts were, relatively, extremely poisonous to rabbits. 
We must therefore conclude that tetanospasmine is not an indi- 
vidual substance, but consists of different active constituents. 
Similar phenomena have also been observed in the case of the 
poisons of diphtheria. Over- neutralised poisons are known 
which are absolutely without effect upon guinea-pigs, but are 
still poisonous to rabbits.^ 

Assuming now that we have prepared cultivations of living 
bacteria rich in toxines, it is necessary to treat them in such 
a way as to eliminate the action of the living cells, so as to be 
able to examine the poisons separately. For this purpose we can 
either kill the bacteria, or attempt to remove them completely 
from the poison. 

The first method, in which no attempt is made to remove the 
dead cells, cannot, by itself, lead to any definite conclusion as to 
the action of the poison, inasmuch as the dead bodies still possess 
definite chemical and physiological properties, which must render 
all deductions uncertain. Fortunately, this method, which was 
formerly employed, can be dispensed with in the investigation of 
true toxines, and, as a matter of fact, has fallen into complete 
disuse. 

For it is possible to separate true toxines from their parent 
cells hj filtration through filters impervious to bacteria. The chief 
substances used for the filtration, in addition to infusorial earth 
and chalk, are porcelain filters or Chamberland's candles. During 
the filtration the greater portion of the toxine passes completely 
into the filtrate, the residual cells retaining only as much viru- 
^ For further particulars see Ehrlich, Miinch. med. Woch., 1903, 33. 
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lence as corresponds to the amount of toxine mechanically 
adhering to them, and from this they can be freed by washing 
with a physiological solution of salt. But the cells no longer 
contain any true toxine, which might presumably be extracted 
from them by breaking up the cell structure (treatment with 
alkali), as H. Kossel,^ for example, was able to prove in the case 
of diphtheria bacilli. It is true that these dead cells may still 
contain poison of quite another kind (bacterial proteins), but 
these have nothing to do with the specific poisoning (rnde infra). 

The phytotoxines are found in the most different organs of 
plants, and especially in the seeds, from which they can be 
isolated by extraction with dilute solutions of salt. 

The zootoxines are produced in the secretions and blood of 
animals. It follows from all this that typical toxines are free 
secretions — substances that are phsiologically thrown off by the 
cells into the surrounding media. In this respect they are 
analogous to the true enzymes. Just as the pancreatic glands 
secrete trypsin, or the glandular cells of the starch layer secrete 
diastase, so does the cell of the diphtheritic micro-organism 
secrete diphtheria toxine. 

This can only be stated with certainty, however, for the typical 
toxines, notably diphtheria and tetanus. In other cases the 
facts are much more obscure. 

As we shall see later, it is still quite open to discussion 
whether, for example, the micro-organisms of cholera and typhus 
produce true toxines in the sense of our definition. Even grant- 
ing that this is the case, the toxines are certainly not secreted in 
a free state in any appreciable amount, but are firmly retained, 
at least, by the living cell. Only when the cell decomposes after 
death are they liberated to a limited extent, as in the case of 
older cultivations. But even then the poisonous substances 
have undergone radical changes, having been converted into 
secondary, more stable products that no longer show the 
characteristics of a true haptine. We shall return to this 
point later. 

A close analogy to this retention of the active substances to 
the living cells may be observed in the case of certain ferments,^ 
We know that the yeast cell, in addition to secreting a small 
amount of free diastase, also contains a series of other enzymes 
— invertase, maltose, &c. — which can only be set free after the 

^ H. Kossel, "Zur Kenntnis des Diphtheriegiftes," CerUralbl./, Bakt., 
xix., 977, 1898. 

^ Oppenheimer, Ferments and their Actions^ English translation by C. 
Ainsworth Mitchell. London, 1902 (Griffin & Co. ). 
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death or injury of the cell protoplasm, or, as in the case of 
zymase, after breaking down the cell wall ; and we also know 
that Monilia Candida will not give up its invertase to the 
surrounding medium, under any conditions whatsoever. 

When toxine solutions have once been obtained by filtration 
of the cultures, or analogous preliminary means, such as extrac- 
tion of seeds, &c., they can at once be used, although containing 
numerous impurities, for physiological experiments. Moreover, 
even in this impure condition some rough experiments can be 
made with them to determine the behaviour of the respective 
toxines towards physical and chemical agents. 

Moreover, in order to have it in a more suitable form for 
keeping, this solution may also be concentrated with various 
precautions, or may even be evaporated to dryness without 
materially injuring the toxine. The main conditions are that 
the temperature must never exceed 45** C. (whence it is best to 
carry out the evaporation in vaxiuo), and that any strong acids or 
bases that may be present must be partially neutralised. 

For a closer investigation of toxines, however, tedious processes 
of purification are necessary to remove all impurities as com- 
pletely as possible. The simplest method is dialysis, which, 
however, only separates the toxine from the salts and peptones 
also present in the solution, but does not eliminate the proteids. 

Hence, complicated methods have had to be devised to isolate 
the toxines in the purest possible condition. The favourite 
methods employed consist of precipitation by means of am- 
monium or magnesium sulphate with subsequent dialysis, and 
of precipitation by means of the salts of heavy metals with 
subsequent decomposition of the resulting double compounds. 
The first of these methods yields, eventually, only solid concen- 
trated preparations of toxines which are still impure, although 
capable of being used for practical purposes, and the second 
method is the only one that gives approximately pure toxine 
preparations. A fuller account of its details, which have been 
worked out, notably by Brieger and his pupils, is given in the 
special part. They include exceedingly tedious manipulations 
requiring close attention, and consisting, in the main, of precipi- 
tation with zinc, lead, or mercury salts. The double compounds 
of the toxines with these salts that are precipitated are again 
decomposed by means of hydrogen sulphide, or of alkali carbon- 
ates, or phosphates. Then by means of filtration or dialysis 
solutions are obtained, which on evaporation in vacuo yield 
preparations which in favourable cases are very rich in toxine. 
They invariably, however, still contain considerable quantities 
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of impurities, either of inorganic nature (ash) or of organic nature 
(albuminous substances). A pure toxine is, up to the present, as 
little known as a pure enzyme, and it is scarcely to be expected 
that it will be successfully prepared in the immediate future. 
Even in the case of preparations, which were still not pure 
although containing relatively very few impurities, Bbieger and 
BoEB obtained such minute quantities that further purification 
was out of the question. Moreover, attempts to prepare toxines 
on proteid-free culture media (Uschinsky, loc, cit.) have given 
very unpromising results. 

As regards the chemical nature of toxines there is, therefore, 
practically nothing known. Just as in the case of enzymes, to 
which they stand in such close relationship, they were at first 
regarded as alhuminoua substances and termed toxalbumins. The 
more thoroughly, however, the preparations were purified, the 
stronger became the idea that the albuminous substances, 
although very diflicult of removal, were only impurities, and 
that the pure toxines themselves were in all probability not 
proteids in the ordinary sense. And Brieger himself, to whom 
we owe the conception of toxalbumins, succeeded in preparing 
toxine preparations which no longer gave the ordinary reactions 
of proteids (c/. Tetanies Poison) any more than did toxines 
produced in albumin-free culture media. 

In the case of other toxines, too, successful attempts have 
been made to reduce, very considerably at least, the albuminous 
impurities. 

Jacoby^ succeeded by means of digestion with trypsin in 
obtaining preparations of ricine that were practically free from 
albuminous substances. The active principle itself is not at- 
tacked by this enzyme, whereas the albuminous substances 
present are decomposed by it. Since then these decomposition 
products, like trypsin itself, cannot be precipitated by ammonium 
sulphate, even in a 50 per cent, solution, whereas ricine is readily 
precipitated at that degree of concentration, it is possible by this 
means to obtain from the mixed products of the digestion pre- 
parations of ricine that no longer give the proteid reactions. 

That is the only — negative — knowledge that we have of the 
constitution of toxines. With this exception we have to content 
ourselves with stating that they are bodies of high molecular 
weight, probably allied to the proteids with which they corre- 
spond in certain properties, and still more closely related to the 
ferments, whose constitution is equally a matter of hypothesis, 

^ Jacoby, "Die chemische Natur des Ricins," Arch, exp. Path,, xlvi., 
98, 1901 ; Ho/m, Beitr., i., 61, 1901. 



TOXINES. 13 

and to whose properties they offer the closest analogies in their 
reactions and activity. 

These analogies stand out in the sharpest relief, when we 
compare the influence of external factors on bacterial toxines 
with their effect upon ferments. There is the closest corre- 
spondence in almost every particular. 

A special characteristic of toxines is their extreme sensitive- 
ness to the action of heat. In their normal solutions they soon 
perish at temperatures above 50" C. ; at 80' C. their activity 
is at once destroyed, and even at 45' C. they are slowly 
decomposed. Individual ferments differ but little in this 
respect. On the other hand, they offer great resistance to the 
action of dry heat. Solid preparations can be heated to over 
100° C. without suffering injury ; but even these appear to be 
destroyed by a temperature of 150° C. 

It is interesting to note that in liquids devoid of water, such 
as amyl alcohol, they can also be heated far above 80° C, and that 
many salts, such as, e,g., anhydrous sodium sulphate, increase 
their resistance to the action of heat (Buchner^). Low tem- 
peratures check their activity, but do not otherwise injure them. 

They dialyse to a slight extent through parchment, but not 
through collodion (Rodet and Guechoff 2), and through animal 
membranes, such as those of the oesophagus, bladder, large intes- 
tine, and especially the small intestine (Chassin and Moussu *). 

In all these respects they behave exactly like enzymes. 

Toxines are more sensitive than enzymes to the action of light 
Diphtheria or tetanus poison in aqueous solution is very rapidly 
destroyed by both sunlight and diffused daylight (tetanus poison 
within forty-eight hours according to Kitasato*). Light is 
without action upon them when they are in the dry condition, 
or suspended in liquids devoid of water. 

An electric current can- also be injurious to toxines, though 
only when continuous, for alternating currents of high tension 
are quite harmless to tetanus poison (Marmier ^). Even when 
merely allowed to stand in solution in the dark, with every 
precaution, the poisons gradually become weaker, being decom- 
posed, at any rate, in the case of diphtheria and some other 

^Buchner, " Bakteriengifte und Gegengifte," JfiXnc^. med, Woch,y 1893, 
449. 

^kodet and Gu^ohoflf, Soc. Bid., Hi., 965, 1900. 

'Chassin and Moussu, ** Influence de la dialyse, &c.,*' ibid,, lii., 694, 
1900 

^kitasato, "Exper. Unt. iib. d. Tet. Gift.," Zeit.f, Hyg., x. 287, 1891. 

^ Marmier, *' Les toxines et P^lectricit^," Ann, Past,, x., 469, 1896. 
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poisons, into toxoids (vide infra). In the case of other poisons 
the existence of toxoids has not been established with certainty. 

All toxines are very sensitive to the influence of nearly all 
chemical agents. 

Oxygen, even when as dilute as in the atmosphere, has a pro- 
nounced injurious eflfect. When exposed to the air, especially 
when light is also present, toxines speedily lose their virulence, 
notably so in the case of tetanoapasmine, which is greatly 
weakened by simple filtration. 

Speaking generally, all oxidising agents, including hydrogen 
peroxide, are very injurious. 

SiEBER^ found that calcium peroxide completely destroyed the 
virulence of diphtheria and tetanus poison within a few hours 
(1,000 times the lethal dose), and also that of abrine (5,000 times 
the lethal dose being rendered inert by 0*5 gramme of calcium 
peroxide). He also discovered that the oxydases of animal 
tissues acted upon bacterial toxines, but not upon abrine. More- 
over, on simultaneous injections of oxydase and toxine, the 
animal on which the experiment was made remained healthy. 
A vegetable oxydase (from the yam) also proved efiective, 
although peroocydases, which only turn guaiacum blue when 
hydrogen peroxide is also present, were inert. An interesting 
ste-tement made by him is tha,t fibrin from the blood of a highly- 
immune horse contains an oxydase that destroys diphtheria virus, 
which is not the case with ordinary fibrin. But it is open to 
question whether this was not some remnant of unseparated 
antitoxine. 

A little is also known with regard to the action of other 
chemical substances. Strong bases and acids naturally have a 
destructive effect, and weak bases are injurious, while very 
dilute acids, especially those of organic nature, have probably a 
stimulating influence. The influence of neutral salts and of various 
other substances, notably upon tetanus poison, has been .studied 
by Fermi and Pernossi.^ Some have a stimulating and others 
an injurious effect upon the toxic activity. 

Indifferent gases, such as carbon dioxide, hydrogen, and carbon 
monoxide, have no influence. Only in the case of hydrogen sul- 
phide did Brieger^ observe any injurious effect upon tetanus 

^ Sieber, " Ueber die Entgiftung der Toxine durch die Superoxyde," Z, 
physioL Chem,y xxxii., 673, 1901. 

^ Fermi and Pemossi, ** Ueber das Tetamisgift," ZeiUf, ffyg,, xvi., 385, 
1894. 

^ Brieger, ** Weitere Erfahrungen uber Bakteriengifte," tWrf., xix.. Ill, 
1895. 
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poison after the toxine and gas had been kept in contact for four 
days in a sealed tube. 

Protoplasmic poisons, such as carbolic acid, chloroform, &c., 
have no materially injurious effect. Alcohol is very injurious. 
According to Salkowski,^ salicylic aldehyde is extremely harm- 
ful, and he makes the same statement as to the action of chloro- 
form and formalin. 

Iodine and carbon bisulphide have probably a quite distinctive 
mode of action, inasmuch as they appear to attack only the toxo- 
phore group, and to tend to the formation of toxoids (Ehblich^). 
Thymus extract has apparently a similar action (Brieger, 
KiTASATO, and Wassermann.* 

Fate of Toxines in the Organism. — Toxines disappear fairly - 
rapidly after their introduction into the circulatory system of 
susceptible animals. In a short time the blood is completely 
free from toxines, as has been proved by the experiments of 
BoMSTEiN, Croly, and Bbunner on diphtheria (q*v,\ the virus 
having entered into close combination somewhere or other in the 
latent stage of its activity, as has been shown by the researches 
of DoNiTZ * and others. Donitz found that he could not save 
infected animals by the injection of antitoxines, even when only 
a few minutes had elapsed after the poisoning, since the toxine 
was no longer in a free condition when it encountered the anti- 
dote. Only by the injection of very large doses is it possible 
after a certain time to break up the combination of the toxine 
with the cells of the body, and so destroy the effects of the latent 
poisoning. Yet even then there is a time limit, and after its 
expiry, notably in the case of tetanus, even huge doses of anti- 
toxine are no longer of any avail. Herein lies one of the causes 
of the defective therapeutical results in the serum treatment of 
tetanus. According to the latest views on tetanus, the antitoxine 
cannot follow the toxine in the nerve tracts. (For further par- 
ticulars see Tetanus,) 

A toxine escapes detection as such when small doses are 
injected into the body. Thus, if a single lethal dose, or a small 
multiple thereof, be injected into a susceptible animal, the poison 
rapidly disappears from the blood, nor can it then be detected in 

^ Salkowski, " Ueber die Wirkung der Antiseptica auf Toxine," BerL 
klin, Woch., 1898 (No. 25), 546. 

^Ehrlich, **Die Wertbemessung des Diphtherieheilserums," Klin, 
Jahrhtich, vi. 

'Brieger, Kitasato, and Wassermann, "Immunitat u. Giftfestigung," 
Zeit.f. Hyg., xii., 137, 1892. 

*D6nitz, *' Ueber des Tetanus-antitoxin," DeiUsche med, Woch,. 1897, 
428. 
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the organs of the animal.^ The poison has then become firmly 
attached to the organs specifically susceptible to it. Moreover, 
it is not excreted with the urine (Goldberg ^), 

When, however, the doses are very large, the poison takes 
some time to disappear, and can then appear in the urine.^ This, 
too, is perfectly explicable by the theory that the receptors are 
not adapted for such a sudden invasion of enormous quantities 
of poison, and hence a small proportion of the toxine breaks 
through the barrier of the kidneys and appears in the urine. 
The fact that the toxine disappears in the system furnished one 
of the supports for the conception of the so-called "/ermenta- 
tion theory " of tetanus. According to this, the true toxine first 
splits oflF by a secondary reaction within the organism another 
poison, upon which the anti-body can no longer act (whence 
tetanus is not curable after the poisoning \yide SM/?ra]), and this 
having no incubation period, acts with the rapidity of an alkaloid, 
such as strychnine, Courmont * and others claim to have some- 
times detected such a poison in tlie organs of the victims of 
tetanus. We will critically examine this theory in its proper 
place, and endeavour to show that it is at least superfluous. 
The disappearance of the toxines on the one hand, and the 
incurability on the other, can be readily explained by the 
side-chain theory without the aid of additional hypotheses. 

But all this only applies to susceptible animals. The fate of 
toxines introduced into the circulatory system of refractory, 
naturally immune, animals is materially diflferent. 

The question of natural immunity has not yet been completely 
elucidated in all its details. It is, undoubtedly, an extraordinarily 
complex phenomenon, and, in particular, its forms of manifesta- 
tion and its causes show essential differences as regards natural 
immunity against poisons on the one hand, and against living 
bacteria on the other. In the case of toxines, we have only to 
deal with natural antitoxic immunity. 

This can be due a priori to two causes. Either the body of 
the naturally-immune animal contains antidotes which neutralise 
the action of the intruding poison, or the cells of the animal are 

^ Salter's assertion (i/ance^, 1898, i., 152) that toxines pass into the sweat 
is not supported by sufficient evidence. 

2 Goldberg, " Ueber Ausscheidung des Tetanusgiftes durch die Nieren- 
sekretion,'* CentralbL /. Bakt,, xxvi., 547, 1899. But c/. Cobbett (** Excre- 
tion of Diphtheria Toxine in the Urine," Brit, Med, Joum., 1900, i., 21), 
who claims to have detected the toxine in the urine. 

^ See in particular Brunner, **Z. Kenntnis d. Tetanusgiftes," Z,/, Uin, 
Jfed.,xxxi., 367, 1897. 

* Cf, V. Leyden-Blumenthal, Der Tetanus, Vienna, 1901. 
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immune against the attack of the poison, which is thus for them 
a completely indifferent substance. 

Both cases occur. As we shall see later, normal sera, and 
especially horse serum, contain antitoxines which afford pro- 
tection against small doses of toxines. And it is particularly 
interesting that, according to Wassermann,i from 80 to 85 per 
cent, of the human race have appreciable amounts of a diphtheria 
antitoxine virus in their serum. These facts, however, are in- 
sufficient in themselves to explain the origin of natural antitoxic 
immunity, for such antitoxines are found exclusively in the 
sera of susceptible living organisms. On the other hand, the 
normal sera of refractory animals contain absolutely no trance of 
antitoxines. 

It was difficult to account for this fact until Ehblioh suc- 
ceeded, by means of his side-chain theory, not only in explaining 
it, but in making it one of the chief arguments in support of his 
view. Where there are no corresponding receptors (receptive 
groups in the body cells), there can be no attack on the part of 
a toxine, and the result is immunity against the poison. But 
in such cases the splitting off of side-chains to form an antitoocine 
is equally out of the question. Hence, according to this view, 
it is impossible for the blood of absolutely refractory animals to 
contain antitoxines. 

But it is interesting to know what happens to the toxines 
introduced into the circulatory system of such organisms. It 
is quite conceivable that such unstable and extraordinarily 
sensitive substances might be rapidly decomposed in the blood 
without having produced their injurious effects, or that they 
might be very rapidly expelled from the body with the 
excretions. 

Neither is the case. It is a remarkable phenomenon that 
these extremely active substances, which under favourable 
conditions can produce results of astounding intensity, should, 
when introduced into the blood of refractory animals, behave 
like the most harmless inert chemical substances remaining 
unaltered for a relatively long period, until finally they are 
slowly drawn into the metabolic changes, and gradually undergo 
complete oxidation. 

Hence it follows that, in the case of these animals, the mutual 
attraction between the poison and body cell must be much smaller 
than in the case of susceptible animals. There is no absolute 
difference, however, between susceptible and refractory animals, 

^ Wasaermann, ** Ueber die personliche Disposition u. Prophylaxe gegen 
Diphtherie," Zeit. f. Hyg,, xix., 408, 1895. 

2 
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but only a relative one. The attractive power of the body cells 
(receptors) shows a gradual decrease from the most susceptible 
to the least susceptible animal. Thus tetanus poison, in a dose 
many hundred times greater than is sufficient to kill a mouse, 
circulates unchanged through the blood of a pigeon. If, how- 
ever, still larger doses are given, the pigeon becomes ill. In this 
case then there is not complete immunity, but only a very slight 
power of attraction on the part of the receptors. According to 
Metschnikoff,! and Feemi and Pernossi (loc. cit. ), certain cold- 
blooded animals have still smaller powers of attraction. 

Metschnikoff found that in the case of fishes, tortoises, and 
alligatorsy and also of arihropoda, the toxine remained unaltered 
in the blood without producing antitoxine. Only in the case of 
alligators, after longer action (fifty-eight days), did he obtain any 
antitoxine, while he was able to bring about this formation of 
antitoxine in old crocodiles by keeping the reptiles at a tem- 
perature of 30" C. 

Even then, however, he could not observe symptoms of illness 
in the animals. Similar results were obtained by Fermi and 
Pernossi in experiments on snakes, tritons, and turtle doves. 

Moreover, Metschnikoff detected active tetanus toxine after 
the lapse of a month in the livers of scorpions, in which there 
had been neither symptoms of poisoning nor any formation of 
antitoxine. 

The hen has been a particularly favourite subject for experi- 
ments with tetanus poison, because although offering extreme 
resistance she is not completely immune against it. Metschni- 
koff asserts that the toxine can be recovered from the blood and 
the ovaries, and that eventually slight traces of antitoxine appear. 
AsAKAWA 2 found that the toxine introduced into hens' blood re- 
mained almost unaltered until the seventh day, and then slowly 
disappeared without being excreted. 

AsAKAWA could not detect any toxine in the brain or spinal 
cord of the hen, although he found it in all the other tissues. 
This may, of course, be due to the presence of blood in these 
tissues leading to some erroneous conclusion as to presence of 
toxine, while there is but little blood in the central nervous 
system. But, on the other hand, it is also very probable that 
slight traces of toxines disappear there by combining with 

^ Metschnikoff, "Influence de Torganisme sur les toxines," Ann. Past,, 
xi., 801, 1897; xii., 81, 1898. Also, Immunitdt, Germ, translation by 
Meyer, p. 264. Jena, 1902. 

2 Asakawa, " Die Basis der naturl. Immun. des Huhnes gegen Tetanus," 
CentralhLf, Bakt., xxiv., 166, 1898. 
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isolated receptors. For the hen is not absolutely proof against 
tetanus, and it is also possible to demonstrate a slight antitoxic 
activity in the brain, &c., of that bird. Corroborative evidence 
of this is afforded by the fact that direct intercerebral injection 
of tetanus poison produces the symptoms of tetanus in the hen. 

Hence, according to the views of Ehrlich and Wasseemann, 
the defective attraction of the toxine for the body cell {receptor) is 
the main cause of natural antitoxic immunity. If the poison 
circulates in the free state and does not combine with the 
receptors, or does so only to an insignificant extent, the toxo- 
phore group is unable to act energetically, and so no serious 
injury is done. 

Defective attraction, however, is iiot invariably the cause of 
natural immunity. Thus, Morgenroth ^ found that in the case 
of ^h^frog tetanus poison enters into firm combination even in 
the cold, without making the animal ill. Under these conditions 
the toxophore group is inactive; but it acts immediately when 
the frog is warmed to about 30° C. 

These theories of the attraction of the poison for the living 
cell and their specific combination are supported by experi- 
mental proofs. Wassermann ^ found that fresh substance from 
the central nervous system of susceptible animals combined with 
considerable quantities of tetanus poison. This was in agree- 
ment with the results of Metschnikofp and Asakawa, who 
found that, in the case of less susceptible animals, the smaller 
the degree of susceptibility the less, too, .was the amount of 
combination in the brain, &c. Thus, the brain of the hen only 
enters into feeble combination with thestoxine, and that of the 
tortoise not at all. All additional support of this theory is 
furnished by experiments which show that, in the case of those 
animals {e.g., rabbits) in which the tetanus poison combines intra 
vitam with receptors which are not attached to the cells of the 
central nervous system, emulsions of other organs — e.g., the 
spleen— bX^o combine with the tetanus poison (Wassermann). 

It is not a general rule that receptors only occur in the 
particular organs in which the poison produces its injurious 
effects. It frequently happens that combination and formation 
of antitoxine take place in other organs where the toxine does 
little injury. The action of the poison and formation of the 

^ Morgenroth, "Zur Kenntnis des Tetanus des Frosches, " ^Irc^. Inter - 
7iat, d. Pharmacodyn. t vii., 266, 1900. 

' Wassermann and Takaki, " Ueber tetanusantitoxische Eigenschaften 
des Centralnervenssy stems, Berl. Uin. Woch., 1898, 5; Wassermann, 
** Weitere Mitt, iiber Seitenkettenimmunifat," ibid., 1898, 209. 
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antitoxine are two distinct processes which may, under certain 
conditions, follow widely different courses. 

Fate of Tozines in the Digestive Tract. — The question of what 
becomes of toxines when they are introduced into the stomach 
or intestinal canal has a special interest. It is the unanimous 
opinion of observers that all toxines, including snake poisons, 
(fee, with the single exception of ricine, are absolutely without 
action upon the system from the stomach. And it has been 
shown by Gibier^ that these toxines do not act by way of the 
anus. 

Chaerin and Cassin^ assert that absorption of toxines 
through the intestine takes place when the mucous membrane 
is injured. 

It was proved by Nencki and Schoumow-Simanowski ^ that 
even large doses were not absorbed in the least through the 
digestive tract, and that only when huge doses, more than 
100,000 times the lethal amount, were given, did symptoms of 
poisoning finally appear. 

These results conclusively show that toxines are not absorbed 
into the system through the normal intestinal tract. They must 
therefore either pass unchanged into the excreta, or they must 
be completely destroyed. Ransom* concluded that the first 
alternative happened in the case of tetanus poison, but later 
workers, notably Nencki and Schoumow-Simanowski (loc. cit.) 
and Carri^re,** were unable to detect any trace of toxine in the 
excreta, even when doses as large as 100,000 times the lethal 
amount were given; whilst Carriere was also unable to 
discover any antitoxic function in the serum after the intro- 
duction of toxine per os. Although Repin^ identified abrine 
in the faeces he was unable to detect either diphtheria poison or 
cobra venom. 

Hence, toxines are destroyed ; and in this process three factors 
must be taken into account — viz., the living intestinal wall, the 

1 Gibier, "Eflfets produits par les toxines, &c., inject^es dans le rectum," 
8em .Med,, 1896, 202 (abst.). 

2 Charrin and Cassin, "Fonctions protectrices actives de la muqueuse 
intestinale," ihid., 1896, 545. 

^ Nencki and Schoumow-Simanowski, " Die Entgiftung der Toxine durch 
die Verdauungssafte," CentrcUbLf. Bakt.y xxiii., 840, 1898. 

* Ransom, "Das Schioksal des Tet. Giftes nach seiner intestinal Einver- 
\e\h\mg,'* Deutsch. med. Woch., 1898, 117. 

« Carriere, ** Toxines et digestion," Ann. Past, xiii., 435, 1899 (gives 
Bibliography); also, **Du sort de la toxine tetanique introduit dans le 
tube digestif," 8oc. Bid., li., 179, 1899. 

• R^pin, " Sur Tabsorption de I'abrine par les muqueuses," Ann. Past., 
ix., 617, 1896. 
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intestinal bacteria (Feemi and Pbenossi), and the secretions of 
the intestine. 

From the concordant results of experiments made by Nencki 
(loc. cit,) on Pawlow's dogs and of those by Caeriere (he, cit.) 
with preparations of enzymes, it is beyond question the digestive 
ferments that render toxines innocuous. Thus, Carriere (loc, 
cit) found that even the saliva diastase had an injurious influence, 
that pepsin was not very active, but that trypsin^ and, above all, 
the hUe^ had the greatest effect. Nencki obtained the following 
results in experiments with pure sterilised fluid from fistulas : — 
Pepsin, by itself, destroyed bacterial poisons (but not abrine). 
The presence of acid was not essential, since the same result was 
obtained after nearly complete neutralisation, as had also been 
stated previously by Chaerin.^ Pancreatic juice, by itself, had 
a greater destructive effect upon diphtheria toxine than upon 
tetanus toxine, the latter being particularly sensitive to the 
action of a mixture of 3 parts of pancreatic juice and 1 part 
of bile. 

Attempts to produce immunisation by the simultaneous injec- 
tion of bile with the toxine were unsuccessful. Charein and 
Levaditi^ injected diphtheria poison (100 times the lethal dose) 
into freshly extirpated pancreas, and found that it was completely 
destroyed after twenty-two hours. Muscle plasma or pancreas 
heated to 70° C. were without action. According to Caeei^ee, 
no destructive effect is to be attributed to the mucous membrane 
of the intestine or the intestinal bacteria. 

Baldwin and Levene ^ also proved that pepsin, trypsin, and 
papayotin destroyed diphtheria toxine. 

Notwithstanding this, Cano-Beusso* still asserts that the 
destruction of the tetanus poison in the intestine is to be 
attributed to the action of the mucous membrane itself. 

Mode of Action of Toxines. — ^Toxines, as shown above, do not 
act through the digestive tract, and it is necessary to introduce 
them by other means into the organism. The most convenient 
method is svbcutam^ous injection, just as in cases of poisoning by 
living bacteria. 

^ Charrin, ** Action des sues digestifs sur les poisons microbiens," ^IrcA. 
dePhyn., 1898, 67. Charrin and Lef^vre, ** Action de la pepsine sur la 
toxine dijjahth.," Soc. Biol., xlix., 830, 1897 ; Sem. Med., 1897, 296. 

2 Charrin and ILevaditi, "Action de pancreas sur la toxine diphth.," 
Soc, Biol,, li., 215, 1899. 

^ Baldwin and Levene, " Action of proteolytic ferments on bacterial 
toxines," J, Med, Research, vi., 120 ; Malys Jh,, 1901, 953. 

* Cano-Brussd, "Untergang d. Tetanusgiftes im Darm," Malys Jh., 
1901, 914. 
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Direct introduction into the circulatory system (intravenous) 
is still more effective than intraperitoneal, intercerebral, or sub- 
dural inoculation, as has been used in the case of tetanus and 
gonococci poisons, or yet Homen's method of injection into the 
nerves, which is sometimes employed. 

Intercerebral injection is of special importance in cases where 
either the poison when distributed throughout the body is 
seized by the receptors or other less susceptible organs (tetanus 
in the rabbit), or where the receptors in the brain are not very 
numerous, so that only concentrated toxine can effect any serious 
injury (tetanus in the hen). 

As regards the activity of toxines, there are two factors of 
fundamental importance — their specific cha/mcter, and the time 
of incubation. 

The specific character is one of the most prominent character- 
istics of true toxines. Although more or less thorough resistance 
to the action of crystalloid poisons is known, cantharidine, for 
instance, being relatively innocuous to the hedgehog and atropine 
to pigeons ; yet in these cases there is only a weakening of the 
activity of the poison, and not an absolute resistance. Certain 
bacterial poisons, however, are completely harmless to refractory 
animals, while they act with the greatest energy upon susceptible 
animals. 

* But the most important point in this connection is that, in the 
case of refractory animals, the toxine is by no means destroyed, 
but that it circulates unchanged in their blood as a completely 
inert substance. 

Thus arises the paradoxical phenomenon which we have de- 
scribed at some length above, that it is possible to kill a mouse 
with tetanus, by means of the blood of an apparently healthy 
hen which has previously been inoculated with large doses of 
tetanus poison. When the toxine cannot find corresponding 
receptors it is unable to make its attack. The toxophore group 
remains inactive, with the result that the toxine is a completely 
inert substance which the body regards as of so little importance 
that it does not even make speedy attempts to destroy it. This 
phenomenon, too, can readily be explained by the side-chain 
theory. According to Ehelich, all nutritive substances, so far 
as they are not merely chemically changed by the secretions and 
their enzymes, enter into combination as haptines, and are thus 
brought within the power of the destructive and assimilative 
forces of the protoplasm. But, since the toxine does not enter 
into such combination, it also is not destroyed — not even treated 
in the same way as nutritive substances. 
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The specific nature of true toxines completely corresponds with 
that of the living bacteria. 

It is also characteristic of most of the known toxines that, 
unlike most simple crystalloid poisons, they do not exert their 
activity instantaneously or after a very short time, but that their 
toxic efifects only appear after a definite time — the period of 
incuhatimi. In this respect, too, bacterial toxines behave exactly 
like their parent living cells. The period of incubation varies, 
not only with the nature of the toxine, but is also dependent 
on other factors, such as the amount of the dose, the body tem- 
perature, &c. There is a limit, however, to this dependency, 
particularly as regards the amount of dose. The period of in- 
cubation is not in any way inversely proportional to the quantity 
of toxine. For example, according to Courmont and Doyon,^ 
the period of incubation for guinea-pigs after injection of a lethal 
dose of diphtheria toxine is fifteen hours, and this cannot be 
reduced below twelve hours even by the introduction of enormous 
doses (90,000 times the lethal amount). A very interesting 
phenomenon in connection with this point is that in tetanus of 
the frog the incubation period can be delayed to any desired 
extent, by keeping the temperature low. Thus, if a frog into 
which the poison has been injected be kept at 8° to 10" C, it 
remains healthy, but at 30° C. tetanus begins after a definite 
time, and the frog dies. If, again, the warming be interrupted, 
the frog can be kept at 8" C. as long as desired, but after com- 
pletion of the remainder of the incubation period at a higher 
temperature, tetanus symptoms appear (Morgenroth). 

In the case of some other toxines, however, notably snake 
venoniy there is not this incubation period. These act with 
extreme rapidity. 

Kbaus^ found a true antitoxine-producing toxine in the filtrates of 
cultivations of Naskin's vibrio, which resembles the cholera vibrio. It 
killed rabbits without an incubation period when intravenously injected in 
doses of 0*5 to 1 c.o. There was an incubation period after subcutaneous 
injection. 

Constitution of Toxines. — The characteristic of every toxine is 
that it is a haptine — in other words, that it contains a haptophore 
and a toxophore group. 

Taking their constitution as thus fixed, most bacterial toxines 

^ Quoted by Deutsch and Feistmantel, Die Imp/atoffe und Sera, Leipzig, 
1903, 40. 

^ Kraus, ** Ueb. ein acut. Wirkendes Bakterientoxin," CerUralbl. /. 
Bakt,, xxxiv., 488, 1904. 
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are, according to Ehblich's terminology, simple haptinea of the 
first doss. Other toxines, however, have a more complicated 
structure. Thus, ricine and ahrine possess, in addition to their 
toxic properties, the further characteristic of agglutinating the 
red corpuscles of the blood. 

The question now arises whether this second property is to be 
ascribed to some peculiar active principle invariably present in 
preparations of ricine, or whether the ricine itself is endowed 
widi this double power. One of the proofs that the toxic and 
agglutinating properties are separable was afforded by the fact, 
that digestion with pepsin-hydrochloric acid soon destroyed the 
toxicity, but did not affect the power of agglutination (Jacoby,^ 
MiCHAELis and Oppenheimer 2). It was thus possible that 
ricinus toxine and ricinus agglutinine might be quite distinct 
substances, analogous to tetanospasmine and tetanolysine, the 
two separate poisons of tetanus cultivations. 

While, however, it could be proved that these were separate 
substances, which occurred in quite different proportions in 
different cultivations, and produced two distinct anti-bodies, 
similar experiments with ricine gave opposite results. The 
toxine and the agglutinine possess the same haptophore group, 
since they produce only one antiricine (Jacoby). 

The structure of ricine, therefore, is complex. In additon to 
its haptophore group it possesses two ergophore groups, with 
toxic and agglutinating powers respectively; and it is thus a 
complex haptine of the first class. (For further particulars 
see Ricine,) 

In the case of other toxines the constitution is still more 
complex and uncertain. Here, too, other activities (e.^., hsemo- 
lytic), in addition to the toxic function, are frequently met. with, 
notably in the case of eel's blood and snake poisons. In such 
instances, it still remains to be determined with certainty 
whether the disintegrating principles are distinct substances. 
This is probably the case, however, with snake poison, for 
example. And, if so, the further question arises whether the 
lysines, like the toxines, are haptines of the first class — 1.6., 
contain the haptophore and ergophore groups in one complex 
combination; or whether they do not rather approximate in 
constitution to the haptines of the second class, such as the 
hsemolysines of normal and immune sera. The latter contain 

^Jacoby, "Ueber Riciaimmiinitat," Hofm, Beitr, z. Chem. Physiol., 
i., 67, 1901. 

2 Michaelis and Oppenheimer, " Ueber Immunitat geg. Eiweisskorper," 
Engelmann'e Arch., 1902, Suppl. H. 
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haptophore and ergopbore groups which are not united in one 
complex grouping ; but they have an amboceptor with two hapto- 
phore groups and a complement^ which attaches itself to the 
complementophile group of the amboceptor after the latter has 
combined with the receptor of the cells, and thus brings about 
the hsemolytic action. 

The latest results obtained with cobra hsemolysine lead to the 
conclusion that this poison actually has some such constitution 
— that it possesses an amboceptor which is seized upon and 
brought into action, not only by an endo-complem^nt that occurs 
in the red blood-corpuscles, but also by lecithin (Kyes and Sachs). 
We shall return to this in discussing snake poison. 

Physiological Action df Toxines.— Although the primary char- 
acteristic of each of the bacterial toxines is its specific action upon 
the organism, as will be described more fully in the special part, 
they have also certain reactions in common, of which a brief 
mention should be made. They act primarily upon the general 
health, producing weakness, prostration, and eventually collapse. 
These phenomena are undoubtedly due, in the main, to a dele- 
terious effect of the toxine on the heart's action, this effect being 
manifested in a reduction in the pressure of the blood, frequently 
accompanied by a diminution in the rate of pulsation and eventu- 
ally by paralysis of the heart. According to Baediee's^ comparer 
tive experiments, however, individual toxines differ in their action 
upon the heart. 

Hypothermiay with or without preceding fever ^ is an almost 
invariable symptom. When injected into the skin and the 
subcutaneous tissue toxines frequently give rise to infil- 
trations, abscesses, and necroses. Loss of hair is frequently 
observed. 

Internal organs, too — e.^., the intestinal tra^t — are usually 
injured (diarrhoea, &c.). Nor does the liver remain unaffected, 
as has been demonstrated, notably by Teissier and Guinaed.^ 
Claude ^ has observed bleeding of the gall-bladder. According 
to Padoa,* the liver acts differently upon different toxines. 
Thus, while it combines with and lessens the virulence of the 
diphtheria toxine when introduced into the mesenteric vein, it 
allows typhus toxine to pass, which acquires a higher virulence 

1 Bardier, ** Toxine et Coeur," Sac, Biol., xlix., 311, 1897. 

^ Teissier and Guinard, "Effets des toxines microbiennes," Arch, Med. 
JSxpir., ix., 994, 1897. 

' Claude, "Deux cas d'h^morrhagie de la v^sio. biliaire, &o.," 8oc. Bid., 
1896, 169; Sem. Mid., 1896, 62. 

^Padoa, "Ueber d. verschied. Wirkung. des Diphtheric- u. Typhus- 
toxins," Rif(mn,. Med., 1899, No. 26; McUyaJh., 1899, 921. 
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when thus introduced into the system than when injected sub- 
cutaneously or into the veins. Degenerative changes also take 
place in the kidneys. 

Alterations of the blood (hcemoglobincemia) and vascular system 
are, in like manner, of frequent occurrence. Many toxines appear 
to have a solvent action upon the blood-corpuscles. According 
to Karfunkel,! they reduce the alkalinity of the blood, but 
this efifect can be partially prevented by the application of 
artificial heat. Lastly, the nervous system and, in particular, 
its central organ are usually attacked, but in very different 
ways ; this will be dealt with more fully in the special part. 

CoNSiGLio^ states that he has observed a peculiar charac- 
teristic of diphtheria toxine. He has found that in small 
doses it stimulates the process of fermentation, but in larger 
doses checks it; whilst, on the other hand, it has invariably a 
very injurious influence on the germination process of seeds. 

Toxoids and Toxones. — According to the side-chain theory, 
we must regard toxines as bodies that possess two distinct 
stereo groups — the haptophore group and the toxophore group. 
Assuming, now, that under certain conditions the toxophore 
group may be so changed as to lose its characteristic activity 
while the haptophore group remains unaltered, new substances 
will be formed which still have the power of attaching them- 
selves to receptors whether free (antitoxines) or combined (body 
cells), but without being poisonous. Ehrlich has investigated 
substances of this kind in the case oAliphtfieria toxiney and has 
established their great influence upon the toxicity of solutions 
of poisons and in the preparation of curative sera, with which 
we shall deal at length in the next chapter. These ^^ toxoids ^^^ 
then, are non-poisonous^ but are still haptones with specific powers 
of combination. When they are secondary decomposition pro- 
ducts of true toxines they are termed " toxoids," in the narrower 
sense of the word; but there are also primary bacterial products, 
which are able to seize upon the same haptophore group as the 
toxine, but which have a different and much weaker toxophore 
group, capable of producing slight characteristic effects of its 
oum, as has been demonstrated by Ehrlich and Madsen in 
the case of diphtheria. These primary substances, which thus 
represent a second secretion product of iiie bacteria, are known as 
^'toxones" 

^ Karfunkel, *'Schwankangen des Blutalkaleszenzgehaltes nach Einver- 
leibung von Toxinen, &c.," Zeit.f, Hyg,^ xxxii., 149, 1899. 

'^ Consiglio, ** Azione di alcune tossine, &c.," Arch, di Farm., vi., No. 3, 
1898; Malya Jb,, 1898, 634. 



ANTITOXINES. 27 

Bruck^ has shown that toxoids of tetanus poison which have become 
quite non-poisonous no longer induce the formation of antitoxine. Accord- 
ing to his views, when side-chains are broken off there must be present in 
addition to the haptophore group a certain "combining ring" derived 
from the toxophore group. 

Toxones are not absolutely innocuous, but eventually produce 
temporary symptoms of poisoning (paralysis, &c.), which, how- 
ever, are absolutely different in kind from the effects of small 
doses of toxines. 

Toxoids have been identified with certainty in the case of 
diphtheria (Ehelich), of tetanolysine (q.v,) (Mads en) and of 
staphylotoxin^ (Neisser and Wechsberg, q.v.), and Jacoby (loc, 
cit. ) has shown that in all probability they accompany ricine. 

There is also, however, a considerable weight of evidence that 
some at least of the other bacterial poisons have the power of 
producing secondary toxoids, in the case of tetanus, for example, 
to which we shall return in the special part. 

Van Calcar 2 succeeded in separating the toxones from the toxine by 
taking advantage of the fact that animal membranes stretched to a certain 
extent allow the toxine to pass, but not the toxones. Hence, toxones 
have a greater molecular volume than toxines. When the membrane was 
stretched to a greater extent the toxones also diffused through it. 

This is the extent of our knowledge of toxoids and toxones. 
Since they, too, are specific haptines, they also produce anti- 
toxines as Madsen and Deeyer ^ succeeded in demonstrating in 
the case of diphtheria toxones. 

Madsen and Dreyer were also able to prove the existence 
of toxones which were poisonous to rabbits, but without action 
upon guinea-pigs. A poison that was without action upon 
guinea-pigs after neutralisation in the ratio of 200 : 200, did not 
become innocuous to rabbits until the ratio of the neutralising 
antitoxine reached 240 : 200. Ehrlich has given the name 
" toxonoids " to this variety of poison. 

On Antitoxines in General. — Our definite knowledge of anti- 
toxines is even smaller than our knowledge of toxines. 

They occur in the fluids of the body, notably in the blood 
serum and milk of immunised animals. Slight traces are also 

^Bruck, "Beitr. z. Theorie d. Immunitat," Zeit. /. ffyg., xlvi., 176, 
1904. 

*Van Calcar, "Ueb. die Constit. des Diphtheriegiftes," BerL Min, 
Woch., 1904, No. 39. 

'Madsen and Dreyer, "Ueber Immun. mit den Toxonen d. Diphtherie- 
giftes, Zeit,/. Hyg.y xxxvii., 249, 1901. 
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of frequent occurrence in nornal sera, as, for instance, diphtheria 
a/ntitoxine in the serum of horses (in the case of about 30 per 
cent.). Other anti-bodies are also very frequently present in 
normal sera, notably anti-ferments, <fec. They can be separated 
from the fluids of the body by precipitation methods similar to 
those employed for the concentration of toxines. 

Blum ^ found that lymph elands that had undergone auto-digestion were 
antitoxic to tetanus poison, but not to diphtheria virus or cobra venom. 

Precipitation with alum and ammonia (Aronson), with mag- 
nesium sulphate (TizzoNi), and with solid sodium or magnesium 
chlorides (Brieger and Boer), followed by a method of puri- 
fication, yield dry preparations of antitoxines. 

The nature of antitoxines is unknown. They are probably 
albuminous substances, but this has not been definitely proved. 
The fact that they offer considerable resistance to the action of 
trypsin is against this view, although they are very sensitive to 
the action of pepsin-hydrochloric acid. Experiments to obtain 
further proof that diphtheria is an albuminous substance, or to 
determine to which albuminous constituent of the blood it is 
related, have not as yet led to any conclusive result. 

Antitoxines, like toxines, are sensitive to the action of heat, 
acids, <fec., although, in general, they offer far greater resistance 
(see Diphtheria). Camus ^ found that anti-snake venom and 
anti-diphtheria poison could be heated for thirty minutes at 
120* C. and for fifteen minutes at 140** C. without injury, 
provided they had been dried at a lower temperature, and then 
heated at 100" C. in a current of air. 

According to Ehrlich antitoxin^es are normal constituents of 
the cells — ^broken-off receptors — and as such possess relatively 
little physiological or chemical activity. They are not invariably 
produced in the organs where the poison exerts its specific action, 
but are also developed in other groups of cells. This appears to 
be especially the case in tetanus of the rabbit (q.v.). They are 
secreted under the stimulus of the haptophore group. Ehrlich 
regards them as ^^ simple v/niceptors" — i.e., as substances with only 
one haptophore group, which coincides with the corresponding 
group of the toxine. Hence, nothing is more erroneous than to 
ascribe to antitoxines an activity similar to that of the toxines — 

^Blum, **Ueb. Antitoxinbildung bei der Autolyse," Hofmeister'a Beit- 
rage, v., 142, 1904. 

^ Camus, "Resistance aux temper. 61ev6es des vaccins dessech^s/' /S'oc. 
Biol., 1., 235, 1898. 
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to represent them as " substances aJdn to fermenUP There is no 
support for the unthinking transference of this notion from the 
toxines, and its only result would be to weaken the conception 
that toodnes are closely related to ferments. Toxines, and 
probably also some ferments, have a haptophore and at least 
one ^^ ergophore^^ group. They can not only combine, but also 
attack. Antitoxines do not possess the latter characteristic; 
they can only combine, and so ward off the toxophore group 
from the threatened cell, but not injure it. Wassermann's 
experiments on pyocyaneus poison and Calmette's on snake 
poison prove that the toxine remains intact in a mixture of 
toxine and antitoxine, and that after destruction of the anti- 
toxine the toxine can again manifest its activity {vide infra), 
Antitoxines, therefore, are not active substances, not "ferments." 
Antitoxines, as such, are physiologically completely inert, and 
are unable to produce any toxic effects. 

This, of course, only holds good for antitoxines by themselves 
and not for the sera in which they are present. It is true that 
unlimited quantities of horse serum containing antitoxine can be 
injected into a horse without producing any by-reactions. But, 
on the other hand, albuminous substances foreign to the body 
are in a certain sense invariably poisonous. They, too, give rise 
to protective substances — the precipitines described by Myers 
and others.^ It is thus evident that unlimited quantities of 
horse serum cannot be injected into animals of different species. 
In fact, disturbances due to this cause have frequently been 
observed in the therapeutic use of diphtheria serum (q.v.). In 
such cases, however, the disturbances must be attributed to the 
serum rather than to the antitoxine itself. 

There is, doubtless, a connection between the struggle of the 
organism to eliminate foreign albuminous matters and Knorr's^ 
observation that antitoxines injected with sera foreign to the 
body speedily disappear, whilst antitoxines introduced in the 
sera of the same species remain for a very long time in the 
organism. 

Behaviour of Toxines towards Antitoxines. — We have already 
stated in the introduction that an essential characteristic in the 
definition of a toxine is that true toxines produce an antidote, an 
antitoxine in the body of the attacked organism. This fact, 

^ For further particulars and bibliography of precipitines cf. Michaelis 
and Oppenheimer, **Ueber Immunitat geg. Eiweisskorper," Engelmann^a 
Arch,, 1902, Suppl. H. 

2 Knorr, "Das Tetanusgift u. s. Bezieh. zum tier. Organismus," Munch, 
med, Woch,, 1898, 321, 362. 



30 TOXINES AND ANTITOXINES. 

which was first discovered by Ehrlich^ in his fundamental ex- 
periments with ricine, a vegetable poison closely akin to the 
bacteria] toxines, has now become so firmly established that we 
even have to regard the formation of antitoxine as a radical 
property of the true toxine. It is not possible in this place to 
deal with the significance that this formation of antitoxine in 
the organism has for the disappearance of infectious diseases, and 
for the development of the state of acquired immunity, or with 
the way in which these phenomena have been used as supports 
of the monumental sifle-chain theory. 

Here it is only necessary to describe the experimentally- 
determined relation between the toxine and its antitoxine as 
exactly as is possible in the present state of our knowledge, 
which, for the most part, we owe to the unwearying classical 
researches of Ehrlich. 

~~ According to the side-chain theory, the only poisons that can 
act as true toxines are those that possess a specific aflinity for the 
definite cells. For the representation of this specific affinity, 
Ehrlich assumes that both sides, the toxine on the one hand, 
and the attacked cell on the other, each have in their protoplasm 
an atomic group which reciprocally coincide, and thus enter into 
combination, and bring the toxine within the immediate reach of 
the cells. Tlie first step in the action of the toxine is thus a concen- 
tration of the poison vpon the cell by means of tlie reciprocal 
" liaptopliore " groups. The cell is now through this concentra- 
tion brought within the sphere of action of the toxine, and then 
follows as the second phase the specific action of tlie poison upon 
the cell — a function of the second specific the ^Hoocopkore" group.^ 

Toxines thus combine with the haptophore groups of cells, 
which are active as regards their " side-cliains" If now, as in 
artificial immunisation, such side-chains provided with hapto- 
phore groups are produced in excess, and separated in a free 
state in the fluids of the body, especially the blood serum, these 
haptophore groups retain their capacity of entering into combina- 
tion with the corresponding haptophore groups of the toxine. 
Hence these broken-off side-chains represent the specific antitoxine 
to the toxine, 

^ Ehrlich, " Experimentelle Unters. tiber Immunitat," DeiUach, med. 
Woch.y 976, 1218, 1891; also " Zur Kenntnis der Antitoxinwirkung," 
Fortach. d. Med,, 1897, 41. 

2 The theory only speaks of atomic groupings in a substance, and Ehrlich 
has never asserted that a toxine consists of two substances— 2;. haptophore 
and a toxophore substance — as Danysz {Ann, Past., 1899, 681) credits him 
with stating. Danysz, who confuses the process of plasmatolysis with 
toxine activity, has misunderstood Ehrlich. 
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This conception at once gives us two highly important points 
of view regarding the reciprocal relationship of the toxine to the 
antitoxine. 

Its acceptance immediately renders untenable two possible 
modes by which the poison might be influenced by its specific 
anti-body — viz., by direct destruction of the poisonous substance 
in its entirety, as it might, for instance, be destroyed by, say, a 
strong acid ; and secondly, by the action of the antitoxine on the 
specifically injurious toxophore group of the poison, just as, for 
instance, the poisonous property of aniline is considerably reduced 
by the introduction of acetic acid into its toxic amino-group. 
Neither is reconcilable with the side-chain theory, for there can 
only be any influence in the sense that the antitoxine saturates 
the haptophore group of the toxine, and thus prevents the possi- 
bility of its bringing its toxophore group into action by seizing 
upon the cell, while in reality its toxic force remains unchanged. 

While we have deduced this fundamental point of view as a 
consequence of the side-chain theory accepted by us as a heuristic 
principle, the actual development of the theory has naturally 
proceeded in a converse manner. Tedious experiments were 
first made to establish the correctness of these facts in order to 
use them as important supports of the theory. Ehrlich and 
Behring were at first of opinion that the poisonous property of 
the toxine was affected by the antitoxine, but subsequently came 
to the conclusion that it was a question of simple combination. 

The facts that led to this now generally accepted conclusion 
were of different kinds. 

At first it was the general view that the action of an anti- 
toxine was only an indirect one, its function being to render the 
organism "proof" against the toxine. 

This opinion was afterwards abandoned when it was found 
that toxine and antitoxine combined in accordance with definite 
arithmetical laws (law of multiples), with which we shall deal 
more fully later on. Then results of the greatest importance 
were obtained by a closer study of processes in which the inter- 
vention of the living organism could be absolutely excluded, and 
in which plainly visible reactions in the test tube were used as 
indicators of the influence of the antitoxine upon the toxine. 

The earliest of these were Ehrlich's^ celebrated experiments 
upon the agglutinating action of ricine upon the red corpuscles 
of the blood, the results of which showed that there were fixed 
numerical relationships between ricine and antiricine, inasmuch 

^ Ehrlich, "Zur Kenntn. d. Antitoxinwirkg.," Fortschr. d. Med., 1897, 
41. 



32 TOXINKS AND ANTITOXINES. 

as that the action of definite doses of ricine upon the blood was 
invariably exactly neutralised by corresponding doses of anti- 
ricine. The action of other haemolysines, such as snake poison 
(Kanthack), eeCs blood (Kossel), and tetanolysine (Ehrlich). 
&c., can be counteracted by similar means. 

Direct relationships between toxine and antitoxine were thus 
established. But these might still depend upon a direct destruc- 
tion of the poison by the antidote. The facts, however, showed 
that this was not the case, but that there was a simple combina- 
tion of the two constituents. 

In particular, the fact that it is possible, when this compound 
has only been formed a short time, to break it up in such a way 
that the original toxic activity is restored, has afforded the 
strongest support to the theory that there is a loose form of 
combination. Calmette was the first to demonstrate this fact 
with certainty in the case of the animal toxine, snake poison, the 
antitoxine of which is much more unstable than the toxine. 

It has also been found by Wassermann that the antitoxine of 
B. pyocyaneus (q.v.) is much more readily destroyed than the 
toxine, so that we are justified in assuming that there is also a 
simple combination in the case of bacterial toxines. 

The gist of these experiments was that a neutral mixture of 
toxine with antitoxine required a large proportion of the original 
toxic capacity on being heated, owing to the fact that the anti- 
toxine, being the more readily attacked constituent of the loose 
combination, was destroyed by the higher temperature. The 
two components, however, must only have been mixed a short 
time, since otherwise it was no longer possible to separate the 
compound. A process of diffusion can also be used to separate 
the two components in the case of snake poison, the toxine of 
which is much more diffusible than the antitoxine (Martin and 
Cherry) (c/, Sn^ike Poison), 

On the other hand, similar experiments with diphtheria poison have 
proved unsuccessful (Dzierzgowski^). Now, here the conditions are quite 
different. In the first place, as Ehrlich has shown, the combination is 
exceedingly stable. But, apart from that, the toxine in this case is the 
more destructible, so that on heating the mixture it is not the toxine but 
the free antitoxine that ought to 1^ regenerated. The reason why this 
does not happen is manifest a priori; for in the change that takes place 
in the toxine on heating the poison does not disappear, but is only trans- 

* Dzierzgowski, "Zur Frage iiber die Beziehungen zwischen dem anti- 
diphth. Heilserumu. d. Diphtherietoxin," ^rcA. Intemat, dePharmacodyn,, 
v., 1, 1898. Cf. Marenghi, **Ueber d. gegens. Wirkg. antidiphth. Serums 
und des Diphth. -Toxins," Centralbl,/. BcUcL, xxii., 620, 1897. 
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formed into toxoids^ whilst, the combination not being broken up, no free 
antitoxine can be detected. Thus, the negative results of these experi- 
ments prove nothing, since they might have been predicted beforehand 
to be theoretically very probable. 

This combination is a chemical reaction, and as such obeys 
the laws of chemical kinetics. Yery considerable differences 
may be shown as regards Jlrmness of combination and speed of 
reaction. Thus, diphtheria antitoxine has a far greater affinity 
for its toxine, and combines with it much more rapidly (five to 
ten seconds) than is the case with tetanus antitoxine and its 
toxine (Ehrlich). 

The degree of attraction for reciprocal saturation and the 
speed of the reaction also depend, to. a very considerable extent, 
upon the temperature (increasing with its rise) as well as upon 
the concentration (Ehrlich, Knorr i). Combination takes place 
much more rapidly in concentrated solutions. 

We must defer consideration of the question of the condition 
of equilibrium between toxine and antitoxine. 

The view that antitoxines do not combine with toxines in 
fixed numerical proportions, but that their action depends upon 
a protective influence upon the cells, has not yet been entirely 
abandoned, notwithstanding all proofs to the contrary. In 
particular, attempts have been made to base this conclusion on 
the alleged facts that when the dose of toxine is multiplied the 
same multiple of antitoxine is insufficient — i.e,, that its '^^pro- 
tective " power fails with large doses of poison. This view has 
recently been advanced again — e,g,y by Bomstein. 

But Ehrlich's experiments on ricine, and the absolutely ana- 
logous results of Calmette with snake poison, of Camus, Kossel, 
&c., with eeVs blood poison, and of many others with erythrocytes, 
lead us to exclude any intervention on the part of the organism, 
and are only to be explained on the assumption of a direct 
fixation of the poison by the antitoxine. And apart from this, 
the assertion that there is a discrepancy in the numerical pro- 
portions rests upon very insufficient data. 

CoBBETT and Kanthack^ were able to demonstrate that the 
multiples exactly corresponded with theory, provided a large 
multiple of the lethal dose was used at the very beginning of 
the experiment. They give a simple reason for concluding that 
when a quantity of poison approximating a single lethal dose is 

* Knorr, "Die Entstehung des Tetanusantitoxins," Fortachr, d, Med., 
1897, 667. 

^Cobbett and Eanthack, '*Ueber das Schicksal d. Diphtherietoxins im 
Tierorganismus," CentroUbl.f. Bakt,, xxiv., 129, 1898. 

3 
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used at the beginning, it is extremely probable that symptoms 
of poisoning will appear on multiplying the respective doses. For 
it is quite possible, when a single lethal dose is neutralised, for 
a slight excess of poison to remain unnoticed in the mixture, 
since it may not even reach the minimum amount necessary to 
cause illness ; but if now the relative quantities of poison and 
antitoxine be increased tenfold, this excess of poison is also 
multiplied by ten, and the poisonous action of the mixture is 
manifested. Ehrlich's theory cannot be upset by such proofs 
as these. 

Taking all things into consideration, we are justified in 
assuming, on practical and theoretical grounds, that the <zction 
of cm antitoxine upon a toxine consists essentially of a reciprocal 
combination of two groups endowed tmth specific affinity. 

This at once leads to the fundamental conclusion that the 
reciprocal action of the two substances must follow the laws 
that hold good for the reciprocal saturation of two simple 
chemical substances possessing atomic groupings specifically 
adapted to each other — i.e,, that they must combine in fixed 
quantitative proportions. Just as the same amount of pure 
sodium hydroxide invariably requires the same amount of 
pure hydrochloric acid for neutralisation, so must the proi)or- 
tion between a definite dose of toxine and the amount of 
antitoxine that exactly " neutralises " it be an absolute constant. 
A given quantity of pure toxine must invariably require the 
same dose of pure antitoxine for its activity to be exactly 
neutralised, provided that the combination is stable, and does 
not lead to a state of dissociated equilibrium, a question with 
which we shall deal later. 

The difficulty of establishing this extremely important fact 
is enormously increased by the circumstances. In the first 
place, neither toxines nor antitoxines are known in the free 
state. We are not dealing here with substances that can 
be isolated as chemical entities, and to which the balance can 
be applied in determining whether x grms. of diphtheria anti- 
toxine invariably neutralise y grms. of diphtheria toxine. No ; 
the only measurement that is applicable to these poisonous sub- 
stances is the physiological one — the determination of the ^^ single 
lethal dose,^* which we are compelled to adopt as the fundamental 
unit of measurement for toxines, or, in the case of hoemolysines, 
the measurement of the amount of solvent action. 

This drawback, however, would not be so very serious if we 
could only establish a constant relationship between every toxine 
solution of definite strength and a given antitoxine solution, so 
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that eventually every " single lethal dose " of poison would cor- 
respond to a definite number of ^^ antitoxine unit»" For this 
purpose the strength of the solution might be readily calculated 
upon the known toxicity of 1 c.c. of a solution to be taken as 
unity (normal poison). Unfortunately, this is beyond the range 
of practicability. Almost every solution of toxine stands in a 
different proportion toward the amount of antitoxine required 
for its neutralisation, when the ratio of a "lethal dose" to the 
number of " antitoxine units " is calculated. 

Here we are face to face with the most extraordinarily com- 
plicated conditions, and there still remain certain obscurities and 
difficulties to be explained, although the confusion has been 
for the most part cleared up by the painstaking researches of 
Ehrlich.i In the first place, the rapidity with which toxine 
and antitoxine combine depends not only on their nature but 
also on the concentration of the two components (irUle supra). 
But, above all, it has been found that every bouillon of diph- 
theria virus contains, in addition to the specifically active toxine, 
varying proportions of other substances which possess the hapto- 
phore, though not the toxophore, group of the true toxines, and 
which, therefore, make the same demand upon the antitoxine as 
the toxine itself, although they have no influence upon the lethal 
dose — the toxic effect of the poison. Thus, in determining the 
unit of measurement, — the single lethal dose, — these substances 
escape observation, but their influence is immediately manifested 
when an attempt is made to determine the amount of a given 
antitoxine solution required to neutralise this single lethal dose. 

If a pure solution of toxine would require a given number of 
C.C. of a standard solution of antitoxine, this number would be 
increased in proportion to the quantity of these non-poisonous, 
though antitoxine-consuming, substances in the impure toxine 
solution. Hence, the varying amount of these substances in 
every solution of toxine enormously increases the difficulty of 
establishing the absolute constancy of these proportions, as 
demanded by the side-chain theory; and these difficulties have 
not yet been completely overcome in every case. 

In order to obtain a clear idea of the immediate factors in this 
question it is necessary for us to begin with the physiological 
units of measurement devised by Behring and Ehrlich for the 
study of the action of antitoxines. The numerical definitions 
fixed for diphtheria virus are as follows : — 

^Ehrlich, "Die Wertbemessung des Diphtherieserums," Klin. Jahrh., 
vi., 299, 1899; **Ueber die Constit. des Diphtheriegiftes," jDew^scA. med, 
Woch.y 1898, 597. 
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The single lethal dose is defined by Ehbligh as that amount of 
toxine, expressed in c.c. of the poison solution or in grammes 
of the solid poison, that is just sufficient to kill a guinea-pig 
weighing 250 gnns. (an animal about six weeks old) within 
four or five days. This dose is the physiological toxic unit. 

The definition of normcd toocine, as fixed by v. Behring, is a 
solution of poison that contains 100 lethal doses in 1 c.c. The 
term "normal toxine" is abbreviated by v. Behring into 
DTN, M25Q (Diphtherietoxin normal ein/ach, Meerschtveinchen 
von 250 grms. — i.e., single normal diphtheria toodne, guineor 
pigs of 250 grms.). 

Now the measurement of the strength of antitoxine solutions 
is based upon this arbitrary toxic unit. A "single" serum is 
one, 1 c.c. of which is capable of neutralising 1 c.c. of the normal 
toxine — i.e., 100 toxic units. This amount (1 c.c. of the single 
serum) is the antitoocine unit, the so-called immunity unit, briefly 
designated I.E. (ImmumAtats-Einheity and has thus been em- 
pirically established and retained {vide infra). 

When, then, a serum is first prepared against a new toxine, it 
is invariably the rule in all the experiments made at the same 
time to express the relationship of the toxine to the antitoxine 
solution in terms of cubic centimetres. And since in the case 
of this fresh toxine the ratio of toxic activity to the number of 
c.c. used remains constant, there is also a constant relationship 
between the toxic activity and the amount of antitoxine — i.e., every 
lethal dose invariably corresponds exactly with the same amount 
of antitoxine solution, expressed in cubic centimetres. 

If, however, this toxine be allowed to stand for some time 
and its relative value towards the serum be again determined, it 
will be found that the conditions of quantitative combination 
have materially changed in one respect. It is true that the 
ratio of toxine to antitoxine solution, expressed in c.c, will 
still remain constant — i.e., that every c.c. of the toxine solution 
requires the same amount of antitoxine solution as the fresh 
toxine, but at the same time this quantity of toxine solution, 
expressed in c.c, has considerably smaller toxic activity than an 
equal amount of the fresh poison. If, on the other hand, a 
determination be made of the amount of antitoxine required to 
saturate one toxic unit, it will obviously be found that a con- 

^Madsen ("Constitution du poison diphth.," Ann. Past, xiii., 568, 
1899) has introduced several other abbreviations. T = toxine unit ; (T) 
the amount of toxine bouillon in c.o. containing T ; I = immunity unit (in 
German abbseviated to I.E.); and (I) the amount of serum in c.o. that 
contains I. We shall occasionally use these abbreviations. 
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siderably greater quantity is necessary than was the case with 
the fresh toxine. 

Hence, it follows that the toxine solution becomes weaker on 
keeping — i,e., that the toxophore group has become inactive in part 
of the toxine; but since the toxine solution still requires the 
same number of c.c. of the serum for neutralisation as before, it 
is plain that the haptophore groups have remained intact during 
this weakening process. From this it follows that there must be 
present in this weakened toxine solution, substances which have 
become non-poisonous through loss of their toxophore group, 
although, owing to their possessing intact haptophore groups, 
they are as capable as before of entering into combination with 
antitoxine. 

These substances are termed toxoids ^ by Ehrlich. 

Ehrlich has also introduced two values of limitation which 
he terms Jj^ (limes, '' Nir) and L^. {limes, ''Death''), The 
numerical significance of these terms is as follows : — 

Lq is that quantity of the toxine solution under examina- 
tion, expressed in toxic units (lethal doses), which, when mixed 
with an immunity unit, is completely neutralised thereby — so 
neutralised that absolutely no symptom of poisoning appears. 
This mixture of one immunity unit with the maximum of toxine 
solution that can be added without the production of any 
physiological toxic effect, is physiologically neutral. 

It is not easy to determine the point L^ beyond doubt, since 
it is difficult to determine with absolute certainty whether a 
toxine solution does or does not still exercise a slight action. 
Hence, Ehrlich has intoduced his second value : L^ is that 
quantity of the toxine solution under examination expressed in 
toxic units (lethal doses) which, when added to an antitoxine 
unit, is still sufficient to kill a guinea-pig of 250 grms. in four 
or five days. This mixture then contains a lethal dose in the 
free state. This point can be determined with ease and certainty. 
The difference Lq - L^ is designated D by Ehrlich. In the 
case of pure poisons it must obviously equal one lethal dose, but 
in practice it is invariably greater — which is a point of great 
significance in the investigation of the constitution of toxines 
{vide infra). 

These limitation values, then, apart from their practical use 
in testing serum, have been of extreme value in the investigation 
of the constitution of solutions of toxines such as diphtheria 

^Frankel (quoted bv Ehrlich, Deutach. med. Woch., 1891, 978) and 
Aronson {Bert. klin. Woch., 1893, 625) inter alios had already indicated 
the existence of such non-poisonous, though immunising, bacterial products. 
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virus. For by their aid Ehrlich has succeeded in determining 
the composition of toxine bouillon as regards the toxines and 
toxoids. He has discovered the existence of extremely complex 
relationships, and the final solution of the problems involved 
will doubtless still furnish work for the next generation. 

The value of these limitation values in the determination of 
the amount of toxine and toxoids in solutions of poisons depends 
upon the following facts : — 

The antitoxine unit is a measure based upon a definite toxine 
solution. The original cannot as yet be reproduced, and its 
value has only been preserved by Ehrlich having kept an 
originally standardised serum of 1,700 times the normal strength 
under special precautions (vacuum, darkness, ice, dryness), and 
using this serum after suitable dilution to standardise new 
toxine solutions, which then in turn can be used to test fresh 
sera. In the original normal toxine an antitoxine unit corre- 
sponded to 100 lethal doses ; hence, to neutralise an immunity 
unit 100 lethal doses of this normal toxine of Behring would be 
necessary — Le., Lq is exactly 100. But this numerical relationship 
is not invariably necessary with all toxines, for there can also 
be some in the case of which a large proportion of the immunity 
unit would be fixed by non-poisonous haptines, toxoids, whose 
quantity is expressed in toxic units — i.e., Jjq then becomes less than 
100. This is not the case, however, with most fresh toxines, 
for with them Lq is really 100, or, in other words, these fresh 
toxines have a constitution exactly like that of Behring's normal 
toxine. 

But the case is different when we deal with older solutions of 
toxines, as we have already pointed out above. Here part of the 
toxine has been converted into toxoids — i.e., Lq has become 
smaller, and a smaller number of toxic units in an equal volume 
are required to reach the stage of neutrality. On the other hand, 
there are also toxines whose relative proportion in true toxine is 
greater than in the case of Behring's normal toxine, so that we 
are driven to the conclusion, which is difiicult to follow, that 
even fresh toxines may contain not only poisonous haptines, true 
toxines, but also relatively non-poisonous substances, which 
Ehrlich has designated toxones, to distinguish them from the 
toxoids, which are only produced as secondary products. We 
thus arrive at the following definition of Lq : — 

Every solution of toxine, even in the fresh condition, contains, 
in addition to the true toxine, non-poisonous haptines, toxones, 
which usually stand in such relationship to the true toxines that, 
in the case of in<^st fresh toxine preparations, Lq is equal to 100. 
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In certain toxine solutions, however, there may be relatively 
more or less toxones, so that Lq, even in the case of fresh pre- 
parations, may sometimes be greater or smaller than 100, At 
the same time, secondary derivatives, toxoids, formed from the 
true toxine are produced in all toxine solutions on keeping, and 
these invariably lower the value of Lq. 

We must reserve until afterwards a fuller discussion of the 
mode in which toxines are converted into toxoids, and, above all, 
of the quantitative relationships of this conversion. Here we 
have next to deal with the significance of the limitation value 
L^.. Whilst the toxoids formed as secondary products have a 
decided influence upon the amount of the Lq dose, they are 
absolutely without influence upon the value L^. (and, therefore, 
also upon D), as has been shown by Ehrlich. 

Now there are, a priori, three conceivable kinds of toxoids : — 
Firstly, those that possess a greater affinity than the toxine for 
the antitoxine, which combine with it sooner, and are, under 
certain conditions, capable of dissolving existing combinations 
between toxine and antitoxine in their own favour. These are 
the protoxoids, 

A second category consists of the syntoxoids, which have the 
same affinity as the toxine for the antitoxine, and thus have no 
influence upon the combination of toxine with antitoxine, just as 
their own combinations with the antitoxine are not affected by 
the toxine. Lastly, there remain the epitoxoids, which have a 
weaker affinity than the toxine for the antitoxine, and can be 
liberated again by the toxine from their combination with the 
antitoxine. Such epitoxoids occur, as Ehrlich was able to 
demonstrate, not as secondary products, but are already present 
in the fresh toxine solutions ; they are identical with the toxones 
mentioned above. 

This consideration leads us to the following points of view as 
regards the influence of toxoids and toxones upon the value of L^. 
or D :— 

The toxoids formed as secondary products — viz., pro- and 
syntoxoids — have no influence at all upon L+, as can veiy easily 
be demonstrated. 

Assuming that we have a neutral mixture of antitoxine with 
toxine and protoxoid, we can represent this condition of 
equilibrium graphically by means of the equation — 

90 Toxine- Antitoxine +10 Protoxoid- Antitoxine 
= Physiological Neutrality (Lq). 

Additional quantities of the same poison are now added in order 
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to find L^.. This can cause no alteration in the compounds 
already formed between toxine and antitoxine or protoxoid and 
antitoxine, which might make them yet combine with fresh closes 
of toxine added, and so cause them to disappear as regards L+ — 
i,e,, as soon as the amount of poison added to the neutral mixture 
reaches one lethal dose, L^. is reached, as is demanded by theory 
for pure poisons ; this may be expressed graphically by the 
equation — 

90 T-A + 10 P-A + 1 Toxine = L+. 

Thus the presence of protoocoid cannot cause Lq - L+ (D) to be 
greater than one lethal dose. 

The syntoxoids have just as little influence in raising the value 
of D. They, too, are not influenced in their combination by the 
addition of toxine, and L+ is reached by the addition of new 
poison so soon as one lethal dose is added to Lq. 

Thus all the secondary toxoids a/re without influence upon D. 

We find quite a different state of things when we examine the 
behaviour of toxones in this respect. - 

Let us now leave out of consideration the toxoids, which have 
no bearing upon this question, and represent a neutral mixture 
of toxine and toxone with antitoxine (Lq) by the following 
equation : — 

90 T-A + 10 Toxone-A = L^. 

We then add fresh quantities of poison. If, in the first place, 
we add a quantity containing exactly one toxic unit, we find 
that L^. is by no means reached by that addition ; for the toxine 
liberates a toxone unit from its combination with the antitoxine ; 
and, instead of the free toxine added, we find a free toxone, as 
represented in the following equation : — 

90 T-A + 10 Toxone-A + 1 Toxine 
= 91 T-A + 9 Toxone-A + 1 Toxone (free) = L^. 

And so the process continues until the wliole of the toxones are 
free. Then, and not till then, the next toxic unit produces L^. 

100 T-A + 10 Toxones (free) =^ L^. 

100 T-A + 10 Toxones + 1 Toxine = L+. 

According to this equation, we should thus have to add, not 
one, but eleven, toxic units to Lq before reaching L^, D being 
thus equal to 11. 

We see then that toxones have the property of raising the 
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difference D ahove the amount ^^one^' theoreticaUy required hy 
pure toxines. 

The relative amount of such toxones varies very considerably, 
and hence D is also a very variable value. Ehrlich found it to 
vary from 1-7 to 28 toxic units in the case of 11 toxine solutions. 

The value D, after reduction of the finally active one toxic unit 
(D - 1), thus aififords a measure of the quantity of toxones present 
in toxine solutions. The fact that these variations in the value 
of D occur even in fresh toxines, and do not alter as the poison 
becomes old, when Lq decreases, shows that toxones are not 
secondary decomposition products of the toxine, but are primary 
bacterial products — non-poisonous haptines. 

As regards other physiological characteristics, toxones are not absolutely 
inactive. Their action can be studied in what Ehrlich has termed the 
"differential zones** — i.e., between L© and L+, where, according to his 
view, free toxones are present. They produce slight toxic symptoms 
(which we shall discuss later on), which are essentially diflferent from the 
effects of small non-lethal doses .of toxines. 

A special importance attaches itself to the discoveries of Madsen, that it 
is possible to produce antitoxic immunity with the mixed poisons in the 
differential zones, which thus only contain toxones in the free state. We 
shall discuss this more fully in its proper place (see Diphtheria Virus in the 
special part). 

Ehrlich next endeavoured, by means of elaborate, tedious, 
and difficult processes, to obtain a clearer view of the quantita 
tive relationships of the poisons and the numerical conditions of 
their decomposition. These relationships proved to be of an 
extremely complex character, and we do not wish to do more 
than briefly touch upon them here. 

In the first place, Ehrlich fixed the following formula for 
any given poison : — 

X Toxoid + y Toxine + z Toxone. 

The value of y must be found by a physiological method (deter- 
mination of the lethal dose), and is then represented by a. z, the 
toxine value, is a function (F) of the value D - 1, which can 
also be numerically expressed. It is designated jS by Ehrlich. 
Thus, the formula of every knoum solution of the poisons can be 
expressed as follows : — 

X Toxoid + a Toxine + F(j8) Toxone. 

The formation of toxoids is illustrated by the following experi- 
ment : — 
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As already mentioned, the dose L^ is equal to 100 in the case 

of most toxines in the /re«A condition. Thus, Ehrlich found 

that one of his freshly-prepared diphtheria virus solutions was 

of such composition that one I.E. (Immunity Unit) neutralised 

0*31 c.c. of the poison. Hence, it followed that the lethal dose 

0*31 
of the poison solution had to be j^ = 0*0031 cc, and this 

was found to be actually the case. Thus, with this poison, too, 
Lq = 100. After three-quarters of a year the poison showed 
the same neutralisation value in c.c, hut the single lethal dose had 
risen to O'OOQ c.c, so that L^ too* equal to ahaut SS — 1.6., that 
33 toxic units (contained in 0*31 cc.) corresponds to the dose 
Lq. The toxic value and Lq dose then remained constant. 

Other poisons decompose in such a way that L^ is equal to 50, 
while others, again, become finally constant with an Lq dose of 
26, &c. 

It would seem, then, that the toxines either decompose in 
such a manner that half of them becomes inactive, or that they 
undergo a tripartite change so as to consist of two parts of toxoid 
to one of unaltered toxine. 

Ehrlich's chief endeavour has been to establish the ahsolvie 
value of an I.E. (Immunity Unit) — t.c, to determine to how 
many saturation units the I.E. corresponds in poisons consisting 
of toxines, toxones, and toxoids, or, to express it quite crudely, 
how many haptophore groups correspond with the number in one 
I.E. He is strongly inclined to fix their number at 200, and 
he bases this conclusion on the following premises : — The value 
Lq is usually equal to 100 in the case of fresh poisons, and these 
subsequently decompose in such a manner that their L« values 
stand in a very simple proportion to 100. From this he con- 
cludes that the absolute force of combination must also stand 
in some very simple relationship to the number 100. Now, 
no poison has yet been prepared, in spite of all attempts at 
purification, with a value Lq exceeding 200, the highest observed 
being 160 in the case of a poison which was certainly not per- 
fectly pure (IMadsen). Hence, Ehrlich concludes that every 
toxine bouillon must contain 200 saturation units — i.e., that 
the I.E. is equivalent to 200 saturation units. An absolutely 
pure toxine (without toxones) would thus, in the fresh condition 
{i.e., without toxoids), show an Lq value of 200 and an L^. value 
of 201. 

In this case a? + y -f- «, in the general formulae given above, 
is equal to 200, and from this it is possible to calculate the 
quantity of toxones by the aid of the values a and )8, where 
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a represents the number of toxic units and P the value D - 1. 
If z represent the amount of toxones, 200 - z represents the 
amount of toxines and toxoids, on the assumption of 200 units 
of combination. Thus, the formula for the value L^ of every 
mixture of the poisons becomes 

L^ = (200 - z) Toxine-Toxoid + z Toxone, 
all of which enter into combination with the antitoxine. Hence, 

in order to liberate one toxine it is necessary to add j^zr^ 1 

J JOU — z 

of which ^TvTT a represents the proportion of toxine. And 

this is, therefore, the amount of the poison solution, expressed 
in toxic units, which must be added to (I.E.) + lu to obtain a 
mixture in which the whole of the toxones are free, so that 
the addition of a single toxic unit produces L^. ; the amount 

^r^r^r « is thus cquivalcut to D - 1 - ^. 

JUO — z 

To find the amount of toxone in a poison bouillon, we have 

thus an equation containing one unknown value : 



200 - z 



whence is derived 



200 p , 

a + /5 

With the aid of this formula Ehrlich has calculated the 
proportion of toxones in the poisons examined by him, and 
has found that in the case of toxones, too, the values stand in 
a very simple relationship towards 100 — e.^., 100, 50, 25, or 33, 
66, &c. Owing to these simple relationships it is possible, by 
determining the values of a and jS, always on the basis of the 
assumption of 200 saturation units, to reproduce the immunity 
unit, which was previously only an empirical unit of measure- 
ment, since it is possible by this means to determine the 
proportion of toxine and toxone — i,e,, in the case of fresh 
poisons — which do not contain toxoids, to explain their whole 
constitution. Most of the poisons in the fresh condition appear 
to consist of 100 parts of toxine and 100 parts of toxone. 

*/8(200-z) = az;200/8- i3z=az;o2 + /3z=200/3;z(a + /3)=200/8; 
^ 200/3 

^ " a + tf • 
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The oonversion of toxine into toxoids usually takes place by merely 
keeping the poisons. The Lq value then generally becomes constant after 
some time, and new toxoids are no longer produced.^ This rule, however, 
does not appear to be without exceptions ; at least Madskn,^ whose work 
has completely confirmed Ehbligh's results, has described a poison which 
appears to decrease continuouslv in its toxic activity. He found in the 
last determination that Lq had akeady sunk to 10 and L+ to 15, and hence 
considers it possible that the bouillon might eventually become completely 
non-toxic and contain nothing but toxoi£. 

A further interesting point is that the toxonea, too, do not remain un- 
changed, as has been proved by Ehrlich and also by Madsen. In their 
case it is the haptophore group that suffers, with the result that toxonoids 
are formed. This is made manifest by the increase in the value Lq, for 
when in a mixture consisting of 100 parts of toxine : 100 parts of toxone, 
part of the toxone that combines with the antitoxone changes as regards 
its haptophore group, so that it can no longer be identified by reason of 
its combining, it obviously follows that the proportion of toxine to the 
200 saturation units is greater than 100. Madsen regards the fact that 
Lq values of, e,g., 133 (which he found in one case) can occur even with 
fresh poisons, as evidence that the formation of toxonoids may probably 
be going on spontaneously the whole time during the production of the 
toxine. 

Light, according to Madsek, has an injurious effect upon both the 
haptophore and the toxophore groups. He found, on exposing a poison 
mixture to sunlight, that, although the toxicity diminished greatly, yet 
the values Lq and L+ showed a simultaneous increase. Eventually the 
specific character of the toxine completely disappeared, but the mixture 
still remained poisorKma. It caused animals to die of cachexy, but none 
of the characteristic effects of diphtheria poison were found on section. 
Thus toxic toxoids, if the term be permissible, are formed under the influence 
of light. 

Not content with all these tedious experiments to determine 
the constitution of diphtheria virus by repeated determinations 
of the Lq and L^ values, Ehrlich has obtained a further insight 
into their nature by the aid of a second and still more ingenious 
method. 

If we grant the hypothesis that toxoids, toxines, and toxones 
have a different degree of afl&nity for the antitoxine, the postulate 
follows that they do not combine in equal proportions with a 
given quantity of antitoxine. This is already shown to be 
probable by a determination of the L+ value, but it can only 
be proved by a direct quantitative estimation of the different 

* This condition appears usually to be reached in a year. Hence, in 
testing sera, only such poisons are used as have been kept for a year, in 
considerable quantities (4 to 5 litres of bouillon), under a thick layer of 
toluene (Donitz, "Ber. ub. die Thatigkeit des kgl. Instituts f. serum- 
forschung, &c.," reprint. Klin. Jahrh., vii., 1899). 

2 Madsen, ** Constitution du poison diphtherique, Ann, Past., xiii., 568, 
1899. 
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degrees of affinity. This has been done by Ehrlich and 
subsequently by Madsen (loc. cit) in the following manner: — 
If an immunity unit were added to 200 saturation units (i.e., 
100 toxic units in the case of fresh poisons), the mixture would 
be physiologically absolutely neutral (Lq). If now the quantity 
of antitoxine added to the same solution of mixed poison were 
to be reduced, a measured fraction of one immunity unit (200 
units of combination) being added, the toxic characteristics 
would gradually appear again, since there would be an excess 
of free toxine. If the poison bouillon consisted of pure toxine, 
one toxic unit would be liberated by the reduction of the 
antitoxine to the extent of one unit of combination, two toxic 
units if the reduction amounted to two units of combination, 
and so on, until eventually the whole of the toxine had been 
liberated. If the poison bouillon contained, in addition to the 
toxine, only non-poisonous haptines of equal affinity, every 
diminution to the extent of one unit of combination would 
liberate a fraction of a toxic unit ; but this phenomenon would 
occur quite regularly ; so that if 10 toxic units were set free by 
a reduction to the extent of 20 units of combination, 50 would 
be liberated if the units of combination were reduced by 100. 
The result would be totally different, however, when substances 
of different affinity were present. Under such conditions the 
first effect of the reduction in the units of combination would be 
to liberate the haptines possessing the smallest affinity (toxones), 
next those with medium affinity (toodnes and syntoxoids), and, 
last of all, those with the greatest aegree of affinity (protoxoids). 
Or, to express it differently, if a given solution of the mixed 
poison were to be treated with increasing amounts of antitoxines, 
the protoxoids would be saturated Jvrst, then the toxines, and 
finally the toxones. 

Now these theoretical requirements can be proved by experi- 
ment. If we proceed from 200 : 200 no toxine activity appears 
up to a certain stage, but only the quite distinct toxone activity 
mentioned above {zone of free toxones). But if we go beyond 
this limit the results are different according as the poison still 
contained only toxines (fresh poisons), or also syntoxoids and 
protoxoids in addition to toxines. 

In the first more simple case each reduction by -^^ immunity 

unit (one unit of combination) then liberates one lethal dose, and 

this continues to the end. Usually this limit is at -^^ ; thus 

we have then — • 
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X c.c. of poison 



200. 



(100 lethal doses) } "^ 200 ^'^' "" ^ 

^ . 150 , 

X CO. of poison + ^TT^ = toxone activity 

100 ^ 
X e.c. of poison + ^^ = toxone activity 

99 
X c.c. of poison + oaa = 1 toxine activity 

"^"^ (1 lethal dose) 

70 
X c.c. of poison + ^tt^ = 30 lethal doses 

X C.C. of poison + ^aa = 90 lethal doses, 

and so on. 

The " Spectrum " (Ehrlich) of this simplest conceivable poison 
may be thus represented — 




Tojconje 



o to io ^o 4o so eo to ao 90 wo 250 200 

Fig. 1. — " Spectrum" of a Fresh Poison. 

But the conditions would certainly never be as simple as these. 
For, in the first place, the toxines themselves are not uniform in 
their affinity (to which point we shall have occcasion to return), 
and, in the second place, they very soon form protoxoids, which 
alter the curve. For instance, take the following series of 
values : — 

200 ^ 
^poison + 205 = 

X poison + ^^ = free toxone 

160 . , 
X poison + -^ = free toxone 
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159 
X poison + ^r^gr = 1 free toxine 

100 
X poison + ^TT^ = 60 T. free 

50 
X poison + ^r^ =100 T. free. 

And next the non-poisonous protoxoids : — 

59 
X poison + ^^^ = 100 T. free 

30 
X poison + -jrrr = 100 T. free 

X poison + ^zrzr = 100 T. free. 



Photoxoid 




Fig. 2.—" Spectrum *' of a Poison in the Protoxoid State. 



A further complication is introduced by the formation of 
syntoocoids (hemitoxine formation). 

Assuming that the toxine decomposes into equal parts of 
toxine and syntoxoid, the saturation takes place as follows : — 
* . 200 ^ 

X C.C. of poison + ^rjrzr = 

x C.C. of poison + ^rrr-- = Toxonc 

1 CO 

X C.C. of poison + -^r^ = 1 T. free 

X C.C. of poison + ^^ = 2 T. free 

X C.C. of poison + ^^ = 30 T. free, 
and so on. 



48 



TOXINES AND ANTITOXINES. 



The " spectrum " (for the same poison), after the formation of 
syntoxoid, could then be represented thus — 




eo ' ' ' ido ' ' ' ' ' iho ' ' 5ao 
Fig. 3. — The same Poison in the Hemitoxine condition. 

As a matter of fact, however, the diagrams are still much more complex. 
It is not my intention to deal specially with the individual ** spectra " that 
Ehblich and Madsen have published. I only wish to give the principles 
of these methods, and can now content myself with a simple statement of 
the results that have been obtained in these analyses. 

The quantitative decomposition of poisons on standing takes place in the 
following manner : — At first only toxines and toxones are present. The 
toxines consist of three distinct varieties, each of which has a different 
afiinity for antitoxine — yu„,proto; deutero-,&nd trito-toxines — the last being 
most nearly related to the toxones. Moreover, each of these varieties of 
toxines is composed of two modifications — a- and ^-toxine — in equal pro- 
portions. The a- modification of all three toxines decomposes very rapidly, 
losing its toxophore groui>s — formation of syntoxoids and development of 
the groove-mentioned hemitoxine condition. 

Then begins, at an early stage, the destruction of the toxophore group of 
the /3-tritotoxine, which, however, never continues to the complete replace- 
ment of the toxine by toxoid. Small amounts of toxine invariably remain 
in this zone — e.gr., 3 : 7, 2 : 8, or 1 : 9 of toxoid — which can be recognised 
in the "spectra" by the fact that toxic action still takes place here, that, 
for example, in the case of the proportion 1 : 9, a reduction of the units of 
combination by 10 liberates 1 lethal dose. 

Not until a later period does the )3-prototoxine also disappear (develop- 
ment of protoxoid zone). Thus, there finally remains unchanged only the 
fi-detUerotoxine, in addition to a small quantity of /3-tritotoxine ; and at 
this stage the decomposition usually stops, the poison remaining unaltered 
for a long period in this form. 

There appear, however, to be occasional exceptions to this rule. Both 
Ehrlich and Madsen have described "spectra" in which, even in the 
case of very fresh poisons, it is possible to detect the development of the 
protoxoid zoney although even the a-deuterotoxine is still intact, so that 
there is still a zone of unaltered toxine present. Madsen {loc. cit. ), how- 
ever, considers that, taking into account the continued decrease in his pure 
poison mentioned above, we must conclude that the /3-deuterotoxine, too, 
is not of uniform structure, but that it possesses more readily decomposable 
constituents which change into tritotoxine. 

A very interesting confirmation of these extraordinarily 
complicated relationships is afforded by the fact that Madsen 
(loc, cit.) frequently succeeded in again finding with suflicient 
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accuracy in these the quantities of toxones ccUculcUed by means 

of the formula z = ^ as given above. 

a + j8 ® 

For example, in one instance the calculated toxone value was 

170 
z = 33*33, and he found that at ^^^ all the animals remained 

alive, while they died at ^^, so that the toxone value must thus 

have been between 30 and 40. 

It is also evident that a complete transformation of certain parts of the 
tritotoxine most nearly allied to the toxones must increase the toxone 
zone, for it is impossible to recognise tritotoxoids, even when they occur in 
a state of purity, in a place where it is no longer possible to detect such 
a small amount of toxine. This is due to their possessing only<»a slight 
affinity similar to that of the toxones, and thus escaping detection in the 
determination of the L+ value, and also to their being confused with the 
toxones in making the diagrams. In this way we can explain an apparent 
increase in the amount of toxones compared with their quantity m the 
fresh poison, as has been found to be the case by Madsen {loc, dt., p. 819), 
while it is denied by Ehblich. 

It is not possible to fix an absolutely sharp limit between the 
different zones. There appear, rather, to be reactions taking 
place both between the toxones and toxines, and the toxines and 
protoxoids, which we must regard as being capable of having 
some slight influence upon the conditions of quantitative com- 
bination, unless we agree with Madsen in attributing such 
uncertain reactions to the influence of varying conditions of 
concentration and temperature. 

Toxines and Antitoxines in tiie Light of Physical Chemistry. — 
Modern physical chemistry, which has effected so profound 
a change in our views of the nature of chemical reactions, has 
of late also turned its attention to the study of physiological 
chemical processes. I have already shown elsewhere ^ how great 
an influence these conceptions and methods have had upon the 
theory of ferments. Quite recently attempts have been made to 
investigate also the processes that underlie the action of toxines 
and antitoxines, by means of the kinetic modes of representation 
of physical chemistry. And there is reason to hope that in this 
way it may be found possible to express mathematically, in 
numerical values, the conceptions that the genius of Ehblich 
has given to us. As yet, however, these attempts are still in 
their earliest infancy. 

^ Oppenheimer, Fermenta and their Actions. English edition. GriflBLn & 
Co., 1902. 

4 
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The processes that take place during the combination of the 
toxines with the receptors of the living cells can obviously never be 
investigated by this method of examination. Hence, naturally, 
it has only been employed to throw light upon those processes in 
which we can watch their progress and result in vitro — e.g,, in 
hcemolysis. Here again we have to thank Ehblich that we 
possess exact methods of measurement for these processes. 

Thus, the first important research in this new field deals with 
hcemolysis under the influence of simple blood poisons, on the one 
hand, and of specific blood-solvent haptines, such as tetanolysine, 
on the other. 

Arrhenius and Madsen^ investigated the course of haemo- 
lysis under the influence of ammonia, sodium hydroxide, and 
tetanolysine. 

The material used in the tests for haemolysis was a 2*5 per 
cent, emulsion of the corpuscles of horse's blood washed 
thoroughly free from serum, and suspended according to re- 
quirement in physiological solutions of sodium chloride or cane 
sugar. The amount of haemolysis was measured colorimetrically 
by comparison with solutions of horse's blood, solutions of the 
strength of 2-5 c.c. in 100 c.c. of distilled water being taken to 
represent 100, and a colour scale prepared by corresponding 
dilution. 

For comparative determinations with constant amounts of 
blood (invariably 10 c.c. of the above emulsion), the only suitable 
interval is that relatively small one beneath whose lower limit 
haemolysis just begins, and above whose upper limit it is 
complete. 

The first result ascertained by this method is that haemolysis 
increases very rapidly with the rise in the amount of toxine 
added,2 so that, as a rough approximation, it is proportional to 
the sqv/i/re of concentration of the toxine. 

Now the " concentration " of the solvent agent does not corre- 
spond absolutely with the amount added. Thus, in the case of 
ammonia and sodium hydroxide, a certain proportion enters into 
combination with the blood-corpuscles, and does not contribute 
to the concentration. With tetauolysine, however, this com- 

^ Arrhenius and Madsen, **Anwendg. d. physik. Ch. auf d. Stud, der 
Toxine u. Anti toxine," Z. physik, Ch., xliv., 1, 1903. 

2 Arrhenius and Madsen give the collective name ' * toxine " to these 
blood-solvent agents, while tney term the specific haptine 'Uyaine." Un- 
fortunately, this use of the term ** toxine" is liable to create confusion, 
since it is not in accordance with the present happy limitation of the word 
to haptines. 
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bination is so weak that the numbers obtained do not need 
correction. 

This explains why a lower limit is found in which hcemolysis is 
entirely absent with ammonia and sodium hydroxide, but not with 
tetanolysine. 

Series of experiments were next instituted, in which variations 
were made in the percentage of blood-corpuscles on the one hand, 
and the amount of " toxine " (using the word in the above-men- 
tioned sense) on the other hand. The simplest case is that 
in which the toxine is present in such excess that complete 
haemolysis immediately ensues. If, in this case, we plot a curve, 
and place percentage amounts of the blood on the abscissae, and 
the degrees of haemolysis on the ordinates, the latter will natur- 
ally rise in a continuous line. But if the amount of toxine is 
smaller, only the initial part of the curve is a straight line — 
i.e.y so long as the quantity of blood is still so small that the 
haemolysis is complete. 

But when the concentration of the blood rises still further, 
there occurs after a short rise a point where the whole of the 
" toxine " (ammonia later than sodium hydroxide) has entered 
into combination, and the curve falls again. The shape of this 
maximum is sometimes a sharp, point and sometimes a horizontal 
line, flsetjording to the difference in the stability of the compounds 
with tljg bipod-corpuscles. These details of the action of different 
inorganic simple " toxines " do not concern us here. 

It is, however, extremely important that this maximum is 
almost entirely absent in the case of tetanolysine — at least it 
cannot be identified with certainty. On the other hand, even 
this faintly indicated maximum occurs with a much smaller con- 
centration of the blood than in the case of ammonia, &c. From 
this it follows that the combination of tetanolysine with the blood- 
corpuscles is much weaker than in the case of inorganic agents, 
but that, on the other hand^^il takes place so* slowly that part of 
the substance that may subsequently be fixed still shows activity, 
whereas the combinations with ammonia, &c., take place so 
rapidly that only the actual excess of " toxine " takes part in the 
action. 

The proof of the fact that tetanolysine possesses so weak an 
affinity for the receptors of the erythrocytes might be employed 
as an argument against the general theory of specific combination. 

We shall return to this question of weak combination in dis- 
cussing the behaviour of tetanolysine towards antitetanolysine. 

Speed of Reaction of Hsemolysis. — The measurement of the 
velocity of reaction is one of the most important means of 
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obtaining a closer insight into the nature of chemical reactions. 
Arrhenius and Madsen measure the time within which the 
hflBmolysis has reached a definite point. 

For this purpose they cause an excess of " toxine " to act for a 
fixed time upon equal amounts of blood (which are taken as 
exactly 100). The haemolysis is interrupted by cooling the 
mixture, which is then separated in a centrifugal machine, and 
finally the extent of haemolysis is determined. Since the 
quantity of blood-corpuscles dissolved in the unit of time is the 
reciprocal of those remaining undissolved (100 - a?), the follow- 
ing equation is obtained : — 

(1) ^=K(100-«) 
whence 

It has been shown that K is not a constant, but shows a rapid 
increase in the course of the experiment. This is due to the fact 
that the membranes of the blood-corpuscles at first offer resist- 
ance to the action of the toxine, but that this resistance becomes 
continually weaker with the destruction of the membrane. 

At first no blood-corpuscles at all are attacked, and it is not 
until the weakest membranes give way that haemolytic action is 
apparent. This power of resistance thus leads to the necessity 
of an " induction period'' for haemolysis, the explanation of which 
is evident in these cases. 

Hence this method did not yield reliable results. Its authors, 
therefore, tried whether twice the amount of " toxine " in half 
the time had the same effect as half the amount in twice the 
time. It was found that, after making the necessary corrections 
for the alteration in volume, there was this approximate ratio, 
viz., that the velocity of the reaction was proportional to the concen- 
tration of the toxine. This held good in the case of ammonia^ 
sodium hydroxide^ and tetanolysine. 

The quantity of unaltered blood-corpuscles can be expressed 
by the following equation (in which a represents the amount of 
toxine), at all events with low proportions (i.e., where x is 
small) : — 

dx f — 

after integration 

s/^ = 2 K a «, 
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which, expressed in words, means that the quantity of blood 
hsemolysed is not only proportional to the square of the time of 
the reaction, but also to the square of the amount of toxine — a 
fact already experimentally determined, as mentioned above. 

The acceleration in the velocity of the reaction with each rise 
in temperature of 10" C. amounts to 2*76 : 1 with ammonia and 
sodium hydroxide, and 3*04 : 1 with tetanolysine. The relative 
velocity of the reaction with ammonia compared with sodium 
hydroxide is 2-24 : 1. It is thus absolutely independent of the 
concentration of the OH-ions. Hence the OH-iona are not the 
real active agents in the hcemolysis. 

Neutral salts check the action of their corresponding bases. 
The effect of the salt is approximately proportional to the cube 
root of its quantity. Ammonium salts, in particular, have a 
strong restrictive action. In the case of tetanolysine salts 
(though in larger quantities) have a stimulating influence. 
Normal blood serum and egg albumin check the action of 
" toxines," and particularly that of tetanolysine. Thus we have 
here a restriction of the effect of active substances by normal 
blood serum, which plays so great a part in the action oi ferments. 
Here, too, without doubt, we have to deal with the occurrence of 
normal receptors as anti-bodies. 

Relations between Toxine and Antitoxine. — The experiments 
described here were made by Aeehenius and Madsen with 
tetanolysine, the method being an extension of Ehrlich's method 
of incomplete saturation described above. They treated a 
constant amount of toxine (2 c.c. of a 2 per cent, solution of 
tetanolysine) with increasing amounts of antitoxine (in a 0*0025 
per cent, solution), and determined the toxicity of the mixtures 
— I.e., the quantity that caused a definite amount of hydrolysis 
when added to 10 c.c. of a 2*5 per cent, emulsion of horse's blood. 
Allowance being made for the relative volumes, the toxicity can 
be expressed by the equation — 

^ 1 10 + ar 

^ = ^•-10-' 

where x represents the observed amount of toxine and G the 
poison strength. 

It was found by experiment that the required amount, ar, 
constantly increased with the quarUity of a/ntitoxine added, and 
that G showed a corresponding decrease. There is thus no 
reason for the assumption that the "poison spectrum" (vide supra) 
of teta>nolysine assumes a step-shaped form. On the contrary, the 
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ratios between toxine and antitoxine follow a definite curve 
closely reaemhling that which represents the relation between the 
decomposed part of a substance and the products of such decom- 
position. There is thus a condition of equilibrium between the 
free toxine and antitoxine, on the one hand, and the compound 
of the two, on the other, so that all three components are present. 
This deviates from Ehblich's fundamental view in just the same 
way as we pointed out above in the case of the compound of 
lysine with the cell. For Ehblich assumes that, in the case of 
diphtheria virus, there is a firm combination between toxine and 
antitoxine, so that only the actual excess of one component is 
active. We shall return to this point presently. 

Arrhknius and Madsen have strengthened the results of these observa- 
tions by theoretical calculations of the values of G and x. G is obtained 
from the equation : — 

. Free Toxine Free Antitoxine ^ / Toxine - Antitoxine \2 
^'•^ V6L • V6[. =^V Vol, ;• 

The amount of free and combined toxine can be calculated in a complicated 

way. The amount of toxine present in 1 c.c. of a 1 per cent, solution is 

taken as the unit of measurement. Now, the original mixture of toxine 

with 10 C.C. of blood (without antitoxine) contained 0*23 : 10*23 units 

per c.c. Suppose that, in an experiment with antitoxine, it is necessary to 

add X c.c. in order to obtain the same shade of colour — i.e., to ensure that 

the same amount of free lysine is present. Then the amount of toxine 

that has combined with the antitoxine is equal to the difference between 

the amounts of added and free toxine = x : (10 + a?) - 0*23 : 10*23, and 

obviously as great as the combined quantity of antitoxine. The quantity 

of antitoxine added (to) is distributed over 4 c.c. of the lysine solution, and 

N 
hence each unit of toxine corresponds to -j- c.c. of antitoxine. If, now, 

the ratio of antitoxine to toxine in c.c. be represented by p — i.e., 1 c.c. of 
antitoxine solution saturating p c.c. of a 1 per cent, solution of lysine — 
it follows that 

4 X 

— . ,-7r— — . p = the amount of antitoxine per c.c. 

TO 10 + iC -^ ^ 

From this must be deducted the known quantity of antitoxine in order to 
obtain the actual amount of free toxine. Hence, by interpolation of these 
values into the first equation, there results : — 

(" \ 023 r TO X / X 0-23 \-| _^i X 0*23 \^ 

^"•^ 10*23 L 4* 10+a;^ VlO+a;" 10*2*2; J ~ ^Vl0+a;"l0-23; ' 

K and p can be calculated approximately from the mean results of the 
saturation experiments, and the values thus obtained in 12 determinations 
being 

K = 0-115 p = 14*55, 
».e., 1 c.c. of the 0*0025 per cent, antitoxine solution employed neutralises 
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14*65 O.C. of the arbitrary toxic unit, or this unit corresponds to 0*069 o.c. 
of antitoxin. 

The values of G and x calculated from this equation are in very close 
agreement with the observed results. 

When large qucmtities of arUitoxine are used, a 8ta>te of equi- 
librium between the toxine and antitoxine is only reached very 
slowly. At the same time the toxine becomes weaker, so that 
X becomes greater. 

An analogous result was obtained in an experiment in which 
the toxine was replaced by ammonia, and the antitoxine by boric 
acid. Here, too, the neutralising effect of the boric acid was 
exerted to such an extent that the law held good ; — 

(Free Ammonia) (Free Boric Acid) = K (Combined Boric Acid)*. 

It follows, then, from these experiments that the same laws 
apply to tetanolysine and its saturation by its antitoxine as 
govern the saturation of bases by means of weak adds. Parts of 
the free components are invariably left uncombined. 

This was now made the starting point for attacks on Ehrlich's 
theory of ^^ poison-spectra,^^ 

If we plot the curve of the neutralisation of ammonia by 
means of boric acid, we find that the first amount added neutral- 
ises 50 per cent, of ammonia, the next only an additional 16*7 
per cent., and the third 8*3 per cent, more, and from this we 
could draw the conclusion that the first aliquot portion of the 
neutralising solution meets with a much more toxic ammonia 
than the later portions — i,e,, that ammonia consists of different 
toxic parts, which enter into combination with different degrees 
of affinity, these standing in simple relationship towards each 
other. This is obviously opposed to the views of Ehrlich on 
proto-, deutero-toxines, &c. 

Hence, according to Arrhenius and Madsen, we must not 
employ as analogies for tetanolysine the conditions that govern 
the neutralisation of strong bases and acids, as Ehrlich has 
done in the case of diphtheria virus. In the case of strong acids 
and bases the amount oifree components is extraordinarily small, 
and, practically, we have only to take into account the compound 
and the excess of one of the components. Measured by this 
standard, then, the neutralisation curve of diphtheria virus 
deviates, as Ehrlich has shown, very considerably from the 
simple curve of the neutralisation curve of adds and bases, and 
lends support to the view of the existence of different poisonous 
constituents. But if we take as the standard the conditions of 
equilibrium that occur in the case of toeak affinity, conditions 
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such as we find with tetanolysine, these apparent diflFerences of 
affinity can be explained by the law of mass action, without 
assuming the existence of diflferent toxine zones. The presence 
of one toxine and one antitoxine, which by their reciprocal 
neutralisation produce diflferent conditions of equilibrium, and 
can thus account for the numerical conditions of combination, 
are quite sufficient to explain why the quantity of antitoxine 
does not invariably correspond with the same amount of antitoxic 
energy. 

If these considerations applied to other poisons, as well as to 
tetanolysine, they would modify a part, although not a very 
weighty part, of Ehrlich's views ; but, at the same time, they 
would give us a further insight, based upon exact scientific 
methods, into these extremely important processes. Almost 
simultaneously with these attacks upon Ehbligh's views other 
voices were raised against practically the same parts of his theory. 

Mention must be made, in particular, of the work of Bordet,^ 
who, on theoretical grounds, has come to the conclusion that 
there is a kind of equilibrium between toxine and antitoxine. 

Certainly these conclusions are not based upon exact physico- 
chemical measurements, but are purely speculative. According 
to them, the relations between toxine and antitoxine either pre- 
sent certain analogies with the processes of dyeing (insorption, 
&c.), which BoRDET does not more closely characterise — ^for 
throughout he avoids proofs of identity — or complex compounds 
are formed containing one toxine molecule with several anti- 
toxine molecules. The antitoxine is distributed over the whole 
quantity of toxine in such a way that one part of each toxine 
molecule appears to be neutralised and deprived of its toxicity. 
Regarded as a whole these speculations, which are not based 
upon new facts, are just as difficult, if not more so, to work 
into a theory as Ehelich's " spectra," which at least explain all 
the facts on the assumption of a single although complicated 
hypothesis. 

Moreover, Bordet's assumption of a "partially neutralised" 
toxine is absolutely incapable of being put clearly without 
falling back upon the old, now happily discarded, notion of the 
" destruction " of the toxicity. 

Hence, Bordet's attack is surely not capable of overthrow- 
ing Ehrlich's theory of a plurality of poisons. Still less 
can Ehrlich's position be shaken by the different attacks of 
Gruber, although their object was nothing less than the over- 

^ Bordet, " Sur le mode de Paction des antitoxines sur les toxines," 
Ann. Fast., xvii., 161, 1903 (reprint). 
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throw of the side-chain theory as a whole. These have been so 
completely answered and demolished by Ehbligh ^ that we can 
refrain from discussing them individually here. 

At first sight the objections of Aeehenius and Madsen to 
Ehelich's theory of the manifold nature of diphtheria virus 
appear to be much more important, since they are based on the 
unquestionable results of experiments. This is another instance, 
however, that in dealing with the theory of toxines there is 
nothing against which we must guard more than too hasty 
generalisations. 

Ehrlich^ maintains his position throughout in his reply to 
the criticisms of Arehenius and Madsen. He, of course, admits 
at once the correctness of the experimental proofs, though only 
in the case of tetanolyaine^ whose instability and slow combining 
power he himself had already recognised years ago. He refers 
to one experiment in which the antitoxine activity after two 
hours was forty times as great as immediately after the mix- 
ture had been made. But Ehelich contends that the facts 
established in the case of this unstable, slowly -combining 
poison ought not to be transferred to the extremely active 
diphtheria virus, which combines rapidly (within a few minutes) 
with the antitoxine, and for which alone his "spectra" have 
been made. 

In his reply he once more repeats, very forcibly, the reasons 
that led to the development of his conception of the complex 
structure of diphtheria virus, and cites in support of it numerous 
separate facts, some of which were previously unpublished. 

It would take too long to deal with ail his reasons again, since 
we should have to repeat nearly the whole of what we have 
said about toxoids and toxones. Hence we will only mention a 
few of them : — 

The conclusion that there are toxoids of different degrees of 
affinity follows inevitably, from the fact that the toxicity shows 
a gradual decrease while the amount of antitoxine required for 
neutralisation remains constant. Ehelich cites the simple 
example of the neutralisation of two distinct alkaloids — e.^., 
quinine and codeine, which have a different affinity for hydro- 
chloric acid — as evidence that we are here dealing with neutral- 
isation limits, quite analogous to those which Arehenius and 
Madsen regarded as states of equilibrium between weak acids 

1 Ehrlich, "Toxin und Antitoxin," Munch, med. Woch,, 1903, No. 33-4 
(reprint). 

^Ehrlich, "Ueber d. Giftcomponenten des Diphtherietoxins," Berl, Jdin. 
WocK, 1903, No. 35 (reprint). 
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and bases. If the alkaloids be mixed in the right proportion, 
the curve can assume an exactly similar form. 

Even Abbhenius and Madsex will admit the eocistence of 
protoocoida, but Ehblich shows mathematically that there must 
also be other toxoids. 

He further succeeded in demonstrating, by calculation of the 
L^ value of a particular poison, that in this case the neutralisation 
of the toxine by the antitoxine exactly corresponded with the 
neutralisation of a strong base by a strong acid — 1.6., that its 
course had to be represented by a straight line. It was also 
possible to prove, in the case of this same poison, that the forma- 
tion of tritotoxoids must have taken place in those parts of the 
toxine possessing the weakest affinity. 

Again, it can be easily demonstrated that there can be no 
change in the degree of affinity during the conversion of toxine 
into toxoid. But since, now, a poison that has been allowed to 
stand does show differences in its affinity, it follows that these 
must have already been present in the fresh poison, in the toxine 
condition, and at the same time it is evident that this proves 
that there is a plurality of poisons. 

Ehblich thus firmly maintains his opinion that even in fresh 
diphtheria virv^ there are varieties of poison with different degrees 
of affinity, which subsequently undergo a partial conversion into 
toxoids with different degrees of affinity. 

Ehblich also firmly maintains the existence of toxones as 
primary decomposition products of the activity of the diph- 
theria bacillus, upon which doubt had been thrown by Abbhe- 
nius and Madsen. In« particular, the fact of the existence of 
a poison without toxones shows that we cannot here be dealing 
with a " residue of u/nneutralised poison" but with individual 
substances possessing only a slight affinity for antitoxine which 
are usually present. For if it were a question of conditions 
of equilibrium these would occur in the case of all poisons. 
Apart from this important extreme case urithout toxones, addi- 
tional evidence against this view is furnished by the enormous 
variation in the relative amounts of toxones, which may range 
from to 300 per cent. 

A further argument in favour of definite existence of toxones 
is their frequent diminution^ ^'formation of tooconoids" as well 
as their absolutely different physiological action (vide supra). 

Ehblich concludes from his arguments that diphtheria virus 
consists of at least three varieties of poison : — 
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1. The toxine. 

2. The toxone, which kills rabbits suddenly, and guinea-pigs 

after symptoms of illness. 

3. Toxonoids, causing illness in rabbits, but harmless to 

guinea-pigs. 

He also maintains that diphtheria toxine has so great affinity 
for its antitoxine that the curve of neutralisation of the pure toxine 
tvotdd form a straight line; the deviations can only be explained 
by the assu7nption that parts of it possess different degrees of 
affinity. These fractions of varying affmity are present in the 
original poison. 

The theoretioal deductions of Eisenberg^ are very similar to 
the conclusions drawn by Arrhenius and Madsen from their 
experimental results. He, too, is inclined to attribute the neu- 
tralisation of the poison and antidote to the production of a state 
of equilibrium, in which an excess of each of the two active 
components is present, in addition to the firmly-combined neutral 
compound. He claims, by means of this theory, to be able to 
obviate the difficulties in the way of accepting the view that only 
the compound and the excess of one component are present. His 
argument, however, also rests upon conditions that occur with 
other poisons than diphtheria, such as those of tetanus poison, 
hsemolytic complements, and, above all, agglutinines. 

It is extremely probable that in the case of these substances 
loose combinations may occur with dissociated states of equili- 
brium. But in the case of diphtheria virus the conditions of 
combination appear to be the only important factors, which 
EiSENBERG, too, admits to be possible, and that the quantity 
of components liberated is very slight, as it should be in the 
case of firmly-combined compounds. Thus Ehrlich's arguments 
are also a sufficient answer to th^se generalisations, which in fact 
do not apply to diphtheria virus. 

Thus we cannot predict beforehand what the conditions will 
be in the case of other poisons. The question as to the influence 
of the several derivatives on the quantitative relation between 
toxine and antitoxine must be specially determined for each 
separate poison. Probably a whole scale of affinities will be 
found to exist, ranging from loosely combined, readily dissociated 
compounds, such as appear to be formed by tetanolysine to 
diphtheria virus. In this connection it may be mentioned that 
conditions of equilibrium also appear to occur in the case of 
ridnCf in which when neutralisation is nearly complete free 

^ M. Eisenberg, '' D. Bindungsverh. zwischen Toxin und Antitoxin," 
Centralbl./, Bakt,, xxxiv., 269, 1903. 



60 TOXINES AND ANTITOXINES. 

toxine and free antitoxine are both present. Danysz^ has 
described this, and has based upon it absolutely untenable 
speculations similar to those of Bordet. We shall return to 
the facts when we are dealing with ricine. But we must never 
forget, as Ehrlich is fully justified in repeatedly insisting, that 
in these weak combinations a very important part is played by 
the time of reciprocal contact as well as by the concentration. 
Thus if too short a time be allowed for the reaction it is possible 
to draw an erroneous conclusion of a too high degree of concen- 
tration. Hence, when Eisenberg brings forward as a proof the 
separation of snake poison from its antitoxine at higher tem- 
peratures, it must not be forgotten that, according to Martin and 
Cherry, this separation, which involves the secondary breaking 
down of the antitoxine, is only possible for a very short time 
after the admixture. 

Lastly, a caution must be given against over-estimation of the 
influence of mass action as regards other haptines. Contrary to 
the views of Eisenberg, who concludes that conditions of 
unstable equilibrium are the rule with agglutinines and pre- 
cipitines, v. Dungern^ shows that such conditions are quite 
exceptional, and that, in general, the combination of the pre- 
cipitine with the precipitable substance is complete and stable. 
In explanation of the quantitative ratios he concludes that there 
is a plurality of precipitines, which is quite analogous to the 
views of Ehrlich. 

Heat Manifestation of the Action of Toxine upon Antitoxine. — 
With the aid of van t' Hofp's formula 

d log nat K W 



dt 1-99T2 

Arrhenius and Madsen were able to calculate from the altera- 
tion in the dissociation constant, K, the amount of heat liberated 
in the combination of 1 grm. molecule of toxine with 1 grm. 
molecule of antitoxine. 

This value is equal to 6,600 cals. (with a possible error of 
600 cals.). The evolution of heat is almost half as great as that 
liberated on neutralising a strong base with a strong acid. 

Vigorous discussion as to the bearing of the law of mass action upon the 
relations between the toxine and antitoxine still continues. The more 

^Danysz, *'Contrib. k T^tude des propr. des melanges des toxines avec 
leur antitox.," Ann. Past., xvi., 331, 1902. 

* V. Dungern, ** Bindungsverh. bei d. Pracipitinreaktion," CentrcUhl, f. 
Bakt., xxxiv., 355, 1903. 
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thoroughly the question has been studied the more it has been found that 
Arrhbnius and Madsen considerably over -rated the influence of mass 
action. 

It was shown by voN Dungern in the case of diphtheria toxine and by 
Hans Sachs in that of tetanolysine that the fundamental condition 
theoretically essential for the view of Arrhenius and Madsen — viz. » the 
combination between the toxine and antitoxine should be reversible — was 
lacking, and that on the contrary the combination gradually became firm 
and irreversible. At the same time von Dungern brought direct proof 
of the plurality of diphtheria poison by showing that a mixture of anti- 
toxine and toxine could be non-poisonous after a single addition of the 
exactly sufficient quantity of toxine, but that when the same amount was 
added in two portions with an interval of twenty-four hours between them 
it was poisonous. In the latter case the antitoxine being present in excess 
is distributed between the toxine and the toxone, and when the second 
portion is added after twenty-four hours the combination between the 
toxone and antitoxine has become so stable that the toxine can no longer 
find sufficient free antitoxine. 

The stability of the combination between toxine and antitoxine was 
shown by Wassermann and Bruck in another way. They found that 
when they injected a physiologically neutral mixture of tetanus toxine 
and antitoxine, together with some adrenaline into an animal, the contrac- 
tion of the vessels caused by the alkaloid led to a delay in the resorption 
of the antitoxine, whereas the toxine which is resorted by the nerves 
{vide Tetanus) was immediately taken up, and poisoning resulted. But 
if they allowed the mixture to stand for two hours before the injection, 
the toxine had combined so firmly with the antitoxine that no resorption 
of the former took place and the animal remained well. 

Lastly, it was found by Madsen himself that it was only possible in the 
case of absolutely fresh mixtures of diphtheria toxine and antitoxine to 
effect a separation of the two components by means of their different rates 
of diffusion through gelatin, and that after the lapse of even a short 
time such separation could no longer be effected. This was also proved 
indirectly by an experiment of Morgenroth, who found that fresh 
mixtures of diphtheria toxine and antitoxine were poisonous when injected 
intravenously into rabbits, but that after some time they were inert. 

However, even if the complicated relationships that exist in the case of 
bacterial poisons cause the curve of saturation to take such a form that it 
can be shown to have some resemblance, externally at least, to the curve 
of equilibrium between substances of weak affinity, yet in the case of 
Cobra venom the conditions are such that there is apparently a pure toxine 
there. At all events, according to Kyes, the curve of saturation between 
the toxine and antitoxine here forms a straight line, like that formed 
between a strong acid and a strong base. 

The discussion has had the further very important result of raising the 
fundamental question whether there is any justification at all for applying 
the law of mass action to the reactions between colloidal substances. 
Nernst and others have given a vigorous denial to this. This has led in 
turn to a closer investigation of the properties of colloids, which has 
already established many important ratios between the reactions of toxine 
and antitoxine and those of the colloids, the consideration of which here 
would lead too far. 

L. Michaelis, **t)b. die Giiltigkeit des Massenwirkungsgesetzee bei der 
Reaction zwischen T. u. A.," Biochem, Centralhl., iii. [I], 1904. 
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Endotoxines and Bacterial Proteins. — While the production 
and mode of action of true toadnes, such as are formed by the 
bacilli of diphtheria and tetanus are fairly well known, the case 
is essentially different and more complicated with a large number 
of pathogenic organisms, of which we may take the bacteria of 
cholera and of typhus and JB. pyocyanetos as the chief representa- 
tives. If a cholera cultivation of only a few days'" growth be 
filtered through a bacterial filter, the filtrate is only toxic to 
a slight extent. Several c.c. are necessary to kill an animal 
by intraperitoneal injection, and even in these quantities the 
filtrates are not deadly to all animals. But if we take the 
residue of the filtration — i.e., the filtered-off bacterial cells — and 
destroy these by means of weak disinfecting agents, such as 
chloroform, it will be found that these dead cells are highly 
toxic. A few milligrammes of them are sufiicient when injected 
into the peritoneum to kill an animal almost instantaneously 
with severe symptoms of collapse. In this case, then, the 
conditions are the reverse of those that obtained with diphtheria 
bacilli, since at first but little of the poison passes into solution, 
whereas the dead cells of the bacteria are extremely toxic. If, 
instead of fresh bouillon cultivations, old ones that have stood 
for several weeks in an incubating oven are taken, it will be 
found that there is a considerable increase in the toxicity of the 
germ-free filtrates. Much smaller doses are sufficient to kill 
the animals used in the experiment. Yet even under these 
conditions the toxicity of these filtrates never attains the same 
degree, as is found with diphtheria and tetanus poison, of which 
even fractions of a milligramme may cause fatal results. 

The explanation of these experimental results presents no diffi- 
culty. Obviously cholera bacilli, &c., secrete the greatest part of 
their poison within their vital substance. This part is only 
liberated when the bacteria undergo a process of destruction, 
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such as occurs when they are dissolved by the fluids in the bodies 
of animals, or such as take place spontaneously in old cultiva- 
tions, where part of the cells of the bacteria are brought into 
solution by the alkaline and other products present in such culti- 
vations ; and to this extraction process must be attributed the 
fact that the filtrates from old cultivations are much more toxic 
than those from fresh cultivations. 

If, now, we ask what position these poisons occupy as regards 
our definition : whether they are true toxines, against whose 
action the organism forms antitoxines, we have the following 
data to go upon : — ^Atfcempts to prepare a true antitoxine to the 
poisons contained in the cells of bacteria, the endotoxines, have as 
yet been unsuccessful. Hence, in the absence of further know- 
ledge, we must assign an exceptional position to these poisons. 
Their sole distinguishing characteristic is their extreme toxic 
nature in experiments on animals. But as yet no convincing 
proof has been brought that they belong to the true toxines, and 
possess distinct haptophore and toxophore groups. 

The case is different with the poisons that pass into the filtrate 
on filtration. A true antitoxine serum for these has been pre- 
pared — c.^., by Ransom and by Roux and Metschnikofp for 
cholera^ and by A. Wassermann for the poison of B, pyocyaneus 
(q*v.). This was done in the well-known usual manner, by pre- 
viously treating the animals with increasing doses of the 
poisonous filtrates. By this means sera were obtained which 
were capable of neutralising with certainty many times the 
amount of the lethal dose of the poisonous filtrates. 

Hence, according to the results of all experiments that have 
been made up to the present, the conditions in the case of these 
species of bacteria are such that the chief part of the poisonous 
substance adheres firmly to the cells of the micro-organisms, and 
does not pass into solution. Such substances are termed the 
endotoodnesy and are comparable with the endoenzymes of yeast 
and of bacteria themselves. 

Traces of a trv^ toxine which passes into the filtrate also occur. 

The further question now arises, whether we are justified in 
concluding from these experiments that the production of poison 
follows the same course under natural conditions — i.e.^ in the 
organism. 

It seems fairly certain that the answer is in the negative. 

On the contrary, it is extremely probable that the slight traces 
of poison which we find in these cultivations, and which, as we 
have seen, increase somewhat in quantity on further extraction 
of old cultivations, are not those of the primary poison of the 
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micro-organisms — that which we see exerting its activity in the 
pathology of these infectious diseases in man. An extraction 
process, such as occurs spontaneously in old cultivations, is by no 
means one that has little effect upon the constitution of these 
unstable bodies. In such old cultivations great changes of re- 
action from acid to strongly alkaline occur abruptly ; ammonium 
compounds and other chemical substances are produced, which 
we know tend to change and destroy bacterial poisons. Hence 
we must assume that even these traces of cholera virus, &c., that 
pass into solution, and to which am, antitoxins can be prepared, do 
not represent the primary poisons of these micro-organisms, the 
poisons that they undoubtedly produce in the human organism, 
but are rather a secondary and more stable modification ; and 
this conclusion is based on the fact that while, as Wassermann 
found in the case of the poison of B. pyocyaneus, we are certainly 
able to prepare an antitoxine to this dissolved poison, yet this 
antitoxine behaves quite differently to the antitoxines in diph- 
theria. For the latter neutralise the corresponding quantities 
of toxine in any given multiples of the dose, provided that their 
own quantities are increased in the same proportion. Thus, if 
10 doses of diphtheria antitoxine neutralise 10 doses of toxine, 
1,000 doses will neutralise 1,000 doses of toxine. But in the 
case of pyocyaneits poison this "law of multiples" only holds 
good within very narrow limits — up to about eight or ten times 
the lethal dose. Beyond that there is no neutralisation, and 
animals die in spite of large doses of antitoxine. 

We must, therefore, conclude that it is altogether doubtful 
whether we have ever had the primary true toxine of cholera, 
&c., in our hands when using the culture media at our present 
disposal. It may be a question of suitable nutrient media, and 
further systematic research may be reqtiired before we get nearer 
to this important goal. The great influence of a suitable culture 
fluid upon the production of the true poison in artificial nutrient 
media is shown by the case of diphtheria virus, of which in the 
earlier experiments of Roux and Yersin from 30 to 36 c.c. were 
required to kill an animal with the typical acute symptoms, 
whereas a close systematic study of culture media and the choice 
of suitable cultivations have had the result of reducing the 
amount now required to 1 to 2 mgrms. Hence we must regard 
the question of cholera virus and similar poisons as still unsettled 
respects. 

same time, we must not omit to call attention to the 
facT^*^ so experienced a worker in practical research into the 
natureV^^ cholera infection as R. Ppeipper holds the view that 
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the striking symptoms of poisoning that appear in the spontaneous 
infection of man with cholera are also due to the absorption of 
poisons, endotoxinesy set free through the solution of the cholera 
vibrio. In his opinion, endotoxines are thus the main effective 
poison in cholera and other infectious diseases, such as typhus^ 
(fee, that behave in an analogous manner. In support of this 
view, that in these infectious diseases we have only to deal with 
the bacteria as such, and the poison contained in their cells, and 
not, as in the case of diphtheria, <fec., with a soluble poison that 
can be separated from the cells, but of whose presence in the 
human subject we cannot speak with certainty, as pointed out 
above ; in support of this view we have the phenomena that 
occur in the disappearance of these diseases and in immunisation 
against these bacteria, and the substances that are then found in 
the serum. Thus we have seen that in cholera, <fec., only bacteri- 
cidal substances are present; but such exclusively bactericidal 
substances only occur, as Wassebmann was able to show in the 
case of B, pyocya/neus, when there has been absorption of consti- 
tuents of the cell'Syhstance of the bacteria, while toxines invariably 
cause a simultaneous formation in the serum of antitoxic sud- 
stances, and substances possessing specific bactericidal powers. 

Bacterial Proteins. — When bacteria that produce soluble 
poisons are freed as completely as possible from those poisons, 
there will still remain substances that belong to the cell 
material. These substances, too, have a physiological action, 
producing inflammation, aseptic abscesses, and necroses at the 
point of application, as well as slight general symptoms, such as 
fever, faintness, headache, (fee. 

The same effects are also produced by the albuminous sub- 
stances prepared by chemical methods from the cells of the 
bacteria, and termed bacterial proteins, as first proposed by 
BucHNER. They are obtained by different methods, of which 
those chiefly employed are extraction with superheated toater in 
autoclaves, simple boiling with water, and extraction with dilute 
alkalies. To these have recently been added those methods, due 
to KooH and Buchner, in which the bacteria are first triturated 
either in the moist or dry condition, with, in some cases, the aid 
of hydraulic pressure, in order to obtain their contents. 

In this way a long series of bacterial proteins has been 
obtained, which, although differing in some particulars, produce 
practically similar effects. We shall frequently meet with them 
in the special part, where, too, will be found references to the 
most important researches on this subject. 

It is unnecessary to describe these proteins in detail here, for 

5 
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it has been proved beyond doubt by the researches of Romeb, 
BuCHNEB, Sghattbnfboh, Klempebeb,! and many others, that 
at least the albuminous substances isolated by long-continued 
extraction from unruptured micro-organisms are absolutely 
without specific action, and thus can be neglected in discussing 
the causes of disease sui generis. 

But this only applies to the albuminous substances isolated 
from the cells in a state of ideal purity. To separate them, 
however, in such a state is only possible in the very rare cases 
when the bacteria produce onli/ free soluble specific poisons, 
from which their cells can be completely separated, as has 
been done by Kossel in the case of diphtheria bacilli. There 
then remain behind proteins devoid of specific activity, exactly 
similar to those that can be obtained from the most innocuous 
bacteria, and, like other foreign albuminous substances^ producing 
sterile abscesses, kc. 

But usually it is impossible to effect a radical separation of 
these proteins, in the narrower sense of the word, from the 
poisons. The protein preparations from most bacteria are still 
contaminated with residual particles of the specific poisonous 
substances or their secondary products, especially endotoxines 
and their derivatives, so that even these protein preparations 
still produce characteristic symptoms of poisoning, as is the 
case with cholera, typhus, and tuberculosis (see Special Part). 
Here, then, the action of the pure protein cannot be demon- 
strated, but only theoretically inferred. 

The actions of these poisons must be kept quite distinct from 
the immunising processes that are brought about by the cell 
materials of the bacteria, either in the uninjured cells or in 
chemical preparations — the problems of ba^ctericidal immunity 
which have been completely elucidated by the researches of 
Pfeippeb and Wassebmann as regards cholera, of Pfeifpeb 
and KoLLE in the case of typhus, and of Koch in the case of 
tuberculosis. 

These processes have absolutely no connection with the toxic 
action of the cell proteins. Here we have to deal with the 
introduction of suitable receptors, which rouse into activity 
bactericidal protective forces — lysines, precipitines, and agglu- 
tinines; with processes that depend upon the complex stereo- 
chemical configuration of the protein molecule. 

At present we can only assume with certainty the presence 
of such receptors in unaltered bacterial cells, which, like the 

* For the bibliography see Klemperer, "Die Beziehg. verschied. B.-G. 
zur Immunitftt u. Heilung,'' Z. /. Idtn. Med., xx., 165, 1892. 



SUMMARY. 67 

cholera vibrio, pneumococcus, &c., bring about tbose destructive 
processes in toto. On the other hand, it is fairly safe to affirm 
that vigorous extraction, involving the formation of chemical 
protein preparations, usually changes that sensitive atomic 
grouping to such an extent that injection is followed by no 
bactericidal reaction, or only a very faint one, but rather that 
these albuminous substances produce only the same reactions 
as every albuminous substance that is foreign to the system — 
i.e.y the formation of precipitines^ which are certainly very 
closely allied to the agglutinines. Yet it is very probable 
that, in the case of somewhat more scantily represented 
examples, such as Koch's tuherctdin {q*v.) and Buchner's ptas- 
mines — tf.^r., of the cholera vibrio and tubercle bacillus — specific 
receptors are present, so that these preparations bring about 
bactericidal immimising processes. 

SUMMARY. 

1. A group of bacteria produces true toxines in the form of 
free secretions. After extraction of these soluble poisons there 
remains a residue of pure non-specific bacterial proteins. Type : 
Diphtheria, 

2. Another large group appears tp form only endotoocines : 
true toxines which are more or less firmly retained by the 
living cell, so that they are only secreted to a very small 
extent in an unaltered condition, and possibly not at all otUside 
the body. When the cells die the toxines aj*e partly liberated 
and partly retained, or are converted into secondary poisonous 
modifications no longer possessing the characteristics of toxines. 
Thus, in the case of this group the dead cells cannot be com- 
pletely freed from other poisons; we cannot regard the results 
as being produced by pure protein alone. With this reserva- 
tion, however, it is possible to detect the activity of proteins. 
Type : Cholera, typhus, pneumococcus, 

3. A third group possibly forms no true toxines, even within 
the plasma. The cell plasma contains poisons of anoUier kind, 
which obscure the efiects of the action of the protein. Type: 
Anthrax, tuberculosis. It is possible that as our knowledge 
increases groups 2 and 3 may be united. 

4. The pyogenic action of their proteins is common to all 
bacteria, and depends, in the main, upon their effects as albu- 

^ For further particulars about precipitines see Michaelis and Oppen- 
heimer, *'Immunlt&t gegen Eiweis8to£fe," Engelmanna Arch,, 1902, suppl. 
voL 
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minous substances foreign to the system,— effects that can also 
be produced in an exactly similar manner by foreign albuminous 
substances of non-bacterial origin. 

The formation of the specific precipitation ferments, the pre- 
cipitines, after the introduction of any foreign albuminous 
substance into an organism, is a proof that every such foreign 
proteid is an injurious intruder which the organism endeavours 
to overcome. Just as, according to Ehblich's views, all food 
substances must find receptors in order to be assimilated, so 
must those receptors be made adaptable to foreign proteins 
when abnormally introduced — i.e., by subcutaneous or intra- 
venous injection — so as to seize upon them and render them 
innocuous. 

In this process general reactions, fever, (fee., are of frequent 
occurrence. And here, too, we have a means of elucidating 
the action of bacterial proteins apart from that of any specific 
toxic impurities that may be present. 
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SPECIAL PART. 



I.— THE TRUE TOXINES. 



DIPHTHERIA TOXINE. 

Diphtheria toxine is the most important of all the bacterial 
poisons, both as regards its theoretical importance and especially 
on account of its relations towards artificial immunity and 
serum -therapy. It represents for us the exact fundamental 
type of the true toxine; it has been used in most of the 
investigations that have thrown light on the mode of action 
of toxines, their relations towards disease, and the formation 
of antitoxines. Diphtheria toxine is strictly a specific poison, 
producing in animals almost exactly the same symptoms of 
disease as are produced by infection with living diphtheria 
bacilli. The knowledge of the fact that the diphtheria bacilli 
themselves are not found distributed throughout the body, but 
only in the false membranes or point of inoculation long ago 
suggested the notion that the general symptoms were caused by 
soluble poison. Even in his first work, Loffleb ^ indicated the 
existence of such a specific poison, and subsequently he isolated 
it by precipitation with alcohol. Then Roux and Yersin^ 
succeeded in establishing the fact beyond dispute. 

Roux and Yersin found that a cultivation of the diphtheria 
bacillus in calf's bouillon of seven days' growth when filtered 
through porcelain and proved to be completely clear and sterile, 
produced typical symptoms of poisoning, especially when injected 
into the peritoneum. The toxicity increased with the age of 

iLoffler, **Unters. fib. d. Bedeutg. der Mikroorg. f. d. Entstehe. d. 
Diphth.," MUt. Kais. Oes.-Amt,, ii., 1884. Id,, "Der gegenw. Stand der 
Frage nach der Entsteh. d. Diphth.," Deubsch, med. Woch,, 1890, 81. 

*Roux and Yersin, ** Contribution k T^tude de la diphtherie," Ann. 
Past., iii., 273, 1889 ; iv., 385, 1890. 
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the cultivation. A culture forty-two days old killed a rabbit in 
five to six hours with toxic symptoms analogous to those of a 
severe attack of diphtheria, whilst six days was necessary with 
an equal dose (35 c.c.) of the same cultivation of seven days' 
growth. The poison was also characterised by the same pheno- 
mena and the same degree of infectiousness as in the case of 
inoculation with living cultures. The conclusions of Roux and 
Yebsin were fully confirmed by Kolisko and Paltaup,^ who 
produced the symptoms of poisoning by means of the filtrates of 
a bouillon cultivation of fourteen days' growth. 

Roux had already noticed that the poison was destroyed by 
heat, and concluded that it was akin to the enzymes. As such 
it was, in his opinion, a secretion product of the diphtheria 
bacilli excreted by them into the surrounding media. Yet this 
view was apparently quite out of keeping with the fact that 
young and vitally active cultivations produced relatively little 
toxine, whilst older cultivations gave richer yields. 

Hence, Gamalbia^ concluded that diphtheria virus was not 
a secretion product of the bacilli but a constituent of their cell 
contents, which was not discharged by healthy bacilli, and that 
it was only when the cultivation became old and many of the 
bacilli died that the poison was extracted from their decomposed 
cells. This view, however, has frequently been convincingly 
opposed. H. KossEL,^ in particular, proved that the toxine was 
a secretion product and not a decomposition product, by the fact 
that, on the one hand, he observed a very plentiful formation 
of poison, even in quite young cultivations (two days old) when 
grown by suitable methods, and that these began to grow weaker 
after as little as five days, whilst, on the other hand, he showed 
that but little toxine was present in the cells of the bacilli 
themselves. 

He cultivated diphtheria bacilli upon as large a surface as possible, 
making the inoculations from the surface skin of a cultivation of one day's 
growth. After some days the bacilli formed a tough skin from which he 
poured o£f the bouillon. The cells of the bacilli were then repeatedly 
washed with distilled water and subjected to centrifugal force until the 
washings no longer gave the biuret reaction, after which they 'were 
extracted with water rendered faintly alkaline. This extract was only 



^Kolisko and Paltauf, '*Zum Wesen des Croup und der Diphtheric/' 
Wien, Jdin, Woch,, 1889, No. 2. 

^Gamaleia, "Les poisons baot^ens," Arch, de Mid, Ex?pir,^ 1892. 

'H. KoBsel, **Zi2r Kenntnis d. Diphtheriegiftes," CerUroM. f. Bakt., 
xix., 977, 1898. 
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slightly poisonous. Aronson,^ however, by trituration of the bacilli cells 
and extraction with ether-alcohol (4:1) followed by extraction with a 
0*1 per cent, solution of ethylene diamine, obtainea poisonous extracts 
from which he could precipitate the poison by means of alcohol. Again, 
according to Brieger and Boer,^ the extracted cells have certaimy a 
considerable degree of toxicity, but this manifests itself in quite a different 
manner to the toxine, producing no immunity, &c. 

Diphtheria toxine is thus not a constituent of the cell contents, 
but a metabolic product. As regards the preparation of diphtheria 
poison, two things must be sharply differentiated — viz., on the 
one hand, the selection of methods to obtain the largest possible 
yield of poison, and, on the other hand, the experiments that 
have been made to isolate specific substances from the toxic 
cultivations and to investigate their nature, of course with the 
practical object also in view of obtaining as pure a poison as 
possible in a dry condition for the purposes of immunisation and 
serum-therapy. In preparing liquids rich in poison the methods 
.must aim at the two cardinal points of, first, obtaining a solution 
containing as much poison as possible, and secondly, obtaining 
this poison as completely as possible in germ-free bouillon, either 
by sterilisation or separation from the bacilli. 

As regards the production of the toxine, the choice of the 
nutrient medium is of primary importance. Roux and Yersin 
{loc. cit) and Loffler {loc, cit,) cultivated their bacilli on an 
ordinary meat broth, and so naturally only obtained relatively 
weak solutions of the poison, especially in the early stages of 
growth. Subsequently, the addition of 2 per cent, of peptone 
became the general practice. According to H. Kossel (loc, cit,), 
the nature of this peptone is not a matter of indifference. He 
had employed with great advantage Dr. Aschmann's peptone 
from the Luxemburg Hygienic Laboratory. Chapoteaut's 
peptotie has also been found an excellent material. It is 
also usual to add 0*5 per cent, of ordinary salt, von Dungern * 
has found it advantageous to add ascitic fluid or to cultivate the 
bacilli on the fluid itself. 

GuiNOCHET * asserts that diphtheria toxine is produced even 
in culture media devoid of albuminous substances. He was 

^Aronson, **Zur Biologie und Chemie der Diphtheriegiftes," Arch. /. 
KinderheUhinde, xxx., 23, 1900 (reprint). 

2 Brieger and Boer, **Ueb. d. Toxine d. Diphtherie, &c.," Deutsche med, 
Woch., 1896, 783. 

'von Dungem, "Steigerung d. Giftproduktion d. I>i,-B.,^* Centralbl. /, 
Bake., xix., 137, 1896. 

^Guinochet, '* Contribution k T^tude de la toxine des baoilles de la 
diphtherie," Arch, de M6d. Exp4r,, 1892, 487. 
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successful in producing it in urine rendered faintly alkaline, and 
his results were confirmed by Uschinsky; to this we shall 
return shortly. 

The choice of the culture medium is of great importance, 
particularly as regards the reaction. In ordinary bouillon the 
reaction is at first faintly alkaline, then becomes faintly acid, and 
then, finally, alkaline again. During the period of the acid 
reaction the production of poison is considerably checked or 
entirely suspended. Hence, means were .sought to restrain this 
injurious acidification. Even the above-mentioned addition of 
2 per cent, of peptone effects some improvement, but, by itself, is 
insufficient. 

Park and Williams ^ adopted the simple device of increasing 
the alkalinity of the 2 to 4 per cent, peptone bouillon by the 
addition of a measured quantity of soda solution. They exactly 
neutralised their fresh bouillon (with turmeric paper as indi- 
cator), and then added to each litre 7 c.c. of normal soda solution, 
the mixture still showing an acid reaction with phenol-phthalein. 
They found, in agreement with Spronck^ and Van Turenhout,^ 
that the acidification was due to the presence of gltbcose and 
glycerin in flesh that was too fresh, and therefore concluded that 
horseflesh (which is rich in glycogen) should not be used ; whilst 
Spronck advocated the employment of slightly decomposed flesh. 
By the artificial addition of glucose he was able to restrict the 
production of the toxine. This was in accord with the results 
obtained by Blumenthal,* who also found that no toxine was 
formed in culture media containing sugar when the proportion 
of the latter reached more than 1 per cent. Moreover, he could 
obtain no toxine from solutions of pure egg albumin or pure 
peptone. On the other hand, Smith ^ regards the presence of 
a slight amount of glucose (0-2 per cent.) as essential, and con- 
siders that it is only necessary to prevent the injurious acidifica- 
tion, in which respect he supports Ruete,^ who effects this 

1 Park and Williams, **The production of diphtheria toxine," J, Exper, 
Med,, 1., 164, 1896. 

^Spronck, *'Sur les conditions, dont depend la production d. poisons 
dansles cultures dipht^riques,*' Ann. Past., ix., 759, 1895. 

'Van Turenhout, **Over de bereiding van diphtheriegif," Utrecht, 
Abst., CmtralU.f. BaM., xviii., 295, 1895. 

*Blumenthal, **Ueb. d. moglichk. d. Bildg. von Diphtherietoxin aus 
Eiweisskorpem und auf Zuoker enthaltenden Nahrboden,** Deutsch. med. 
Woch., 1897, No. 24. 

« Smith, ** The Relation of Dextrose to the Production of Toxine," J. of 
Eacper. Med., iv., 373, 1899. 

^Ruete, "Ueb. Herstellg. d. Di.-Heilserums," Miinch. med. Wocfi,, 
1897, 213. 
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by the addition of fragments of mcurble to the cultivation. 
NicoLLE,^ differing from Spbonck, has recommended the use of 
quite fresh flesh. Martin 2 hag obtained successful results by 
the use of a mixture in equal parts of extract of beef, or, better, 
veal, and of extract of pig's stomach. 

He gives the following recipes : — 

(i.) Extract of Pig's Stomach, — Five pigs' stomachs are finely minced or 
crushed, and the whole {mucosa and mtisctUarid) mixed with 10 grms. of 
pure hydrochloric acid (20 per cent.) and 1,000 grms. of water to each 200 
grms., and allowed to stand for twenty-four hours at 60° C. The mixture 
IS then boiled and filtered through loosely-packed cotton wool, and the 
filtrate mixed with 0*2 per cent, of acetic acid, neutralised while still hot, 
filtered through paper, and heated to 120*" C. in an autoclave. The last 
process can also be replaced by repeated heating to 100° C, careful 
removal of the albuminous scum and fat, and, finally, clarification by the 
addition of calcium chloride and sodium phosphate (formation of a pre- 
cipitate of calcium phosphate which simultaneously carries down the 
albuminous turbidity). 

(ii.) Meat Extra/it, — Perfectly fresh veal is allowed to stand for twenty 
hours at 35° C, after which it is treated with 1,000 grms. of water for each 
500 grms. of material, and again left for twenty hours at the same tem- 
perature. It is then expressed, and the resulting liquid mixed with 
5 grms. of sodium chloride and 20 grms. of peptone, neutralised, and, after 
the addition of 7 c.c. of normal soda solution, sterilised at 120° C. 

A mixture of equal parts of the two extracts, heated to 70° C. and 
sterilised by filtration through Chamberland filters, forms an excellent 
medium which does not become acid and in which very active toxines are 
speedily formed, O'l c.o. being required for a lethal dose after thirty hours, 
and 0*()02 c.c. after five to seven days. 

Madsbn's' method is to leave finely-minced lean veal, two to three days' 
old, in contact with twice its weight of water for fifteen hours, after which 
it is boiled and strained. The liquid is then mixed with 1 per cent, of 
Witte's peptone and 1 per cent, of sodium chloride, rendered faintly 
alkaline, ooiled for forty-five minutes, filtered, and the filtrate transferred 
to Erlenmeyer flasks holding a litre, and sterilised for fifteen minutes at 
120° C. in autoclaves. He determines the reaction with litmus paper, and 
also the "titer" of the bouillon — ^t.e., the amount of normal soda solution 
required to give a distinct pink coloration with phenol-phthalein as indi- 
cator. The ratio of the two measurements is such that neutral solutions 
showing a '* titer" of over 20 c.c. are unmistakably acid to litmus, while 
with 16 c.c. they are amphoteric, and below 10 c.c. are alkaline. Accord- 
ing to his experience the age of the flesh has no material influence. The 
addition of calcium carbonate recommended by Spronck (loc, cit. ) and Van 
TunBNHOUT {loc, cit.) keeps the reaction permanently alkaline, but at the 
same time does not materially promote the formation of toxine. 

^ Nicolle, <* Preparation de la toxine dipht^rique," Ann. Past,, x., 333, 
1896. 

•-* Martin, "Production de la toxine diphter," tfetrf., xii., 26, 1898. 

' Madsen, **Zur Biologic des Diphtherie bacillus," Zeit.f, ffyg., xxvi., 
167, 1897. 
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Spbonck^ subsequently abandoned bis meat extract and 
cultivated bis bacilli in a decoction of yeast, wbereby be obtained 
very active solutions of poison. (After forty-eigbt bours tbe 
letbal dose was 0*05 cc, and after five to six days 0005 c.c.) 

He boiled 1 part of commercial yeast with 20 parts of water for twenty 
minutes with continual stirring. «Ue then allowed the mixture to settle, 
decanted the supernatant liguid, added ordinary salt and Witte's peptone 
(obtained directly from Rostock), neutralised it, and added normal soda 
solution inlbhe proportion of 7 cc. per litre. Lastly, he heated and filtered 
the liquid, and sterilised the filtrate at 120** C. 

It is evident from tbese expei-iments tbat tbe production of 
toxines depends upon tbe alkalinity of tbe medium, and, as 
Roux and Yeesin bad already found, it increases witb tbe in- 
crease in tbe alkalinity. Madsen, bowever, found (loc, cit,) tbat 
tbe amount of toxine was not invariably proportional to tbe 
alkalinity. 

A second metbod of increasing tbe yield of toxine is tbe intro- 
duction of air, Houx and Yersin foimd tbat a current of air 
promoted tbe production of poison, altbougb, according to 
Martin (loc. cit,) and Park,^ tbis stimulation is not very pro- 
nounced, provided culture media, good in otber respects, are 
employed ; wbilst Madsen considers it directly injurious in sucb 
a case, on tbe ground tbat wben tbere is a plentiful production 
of toxine tbe air destroys a greater amount of poison tban is 
formed under its influence. Spronck, too, is inclined to believe 
tbat while tbe growtb of tbe bacilli, and therefore tbe absolute 
production of toxine, is promoted by tbe admission of air, yet 
tbat tbe relative production of toxine by a given number of 
bacilli is tbereby diminisbed ratber tban increased. Van 
TuRENHOUT (loc, cit,) Considers tbat tbe admission of air 
accelerates tbe oxidation of tbe nitrogenous substances, and witb 
it tbe cessation of tbe acid reaction, but tbat it also destroys 
poison. Aronson * bas very successfully replaced tbe introduc- 
tion of air by growing tbe bacteria in surface cultivations, so tbat 
tbey ofiered as large an area as possible to tbe air. Schierbeck * 
recommends treatment witb carbon dioxide. 

^ Spronck, "Preparation de la toxine dipht^rique," Ann. Past., xii., 
701, 1898. 

2 Park, "The Preparation of Diphtheria Anti toxine," Med. JRecord, 
xlvii., 484, 1895, 

"Aronson, " Immunisierungs- und Heilversuche bei der Diphtheric," 
Wien. med, Woch., 1894, 1956. 

^ Schierbeck, " Ueb. d. Einfluss der COs auf das Wachstum der Diphth.- 
B.," Arch, f, Hyg,, xxvii., 339, 1896. 
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Too much air and pure oxygen have a very injurious effect 
upon the poison, especially at the incubation temperature (Roux 
and Yeesin, Martin, Madsen). 

When cultivations are made in this way with every possible 
precaution to promote energetic toxic activity, very active toxines 
are usually obtained in a short time. Even after thirty to forty- 
eight hours they are unmistakably present. In seven to about 
thirty days the toxicity reaches its maximum, and then begins 
very slowly to decline, this being due to a simultaneous decrease 
of production in the cultivation as it grows old and to the com- 
mencement of the formation of toxoids. The transplantation of 
cultivations again restores their toxigenic power (Roux and 
Yersin). As a general rule, then, in testing primary poisons, 
cultivations are used that are not more tluui three weeks' old 
(Madsen, loc, ciL), For immunising purposes, however, much 
older poisons can frequently be used with advantage,, since the 
toxoids they contain have also an immunising action. tV 

The development of a bouillon of the greatest possible toxicity 
does not invariably correspond with that of a particularly viru- 
lent living cultivation ; sometimes bacilli that are only slightly 
virulent may produce extremely active toxines (Martin, loc, cit,). 

On the other hand, there are also varieties of diphtheria bacilli 
that possess neither virulence nor toxigenic power. Lubowski ^ 
has described an instance of thisjcind. A bacillus of human 
origin produced no active toxines whatsoever, whereas the serum 
of the child was strongly antitoxic. The inference is that the 
bacillus had been very toxigenic, but that it had completely lost 
its powers. 

In general, the production of poison shows extraordinary 
variations, and its amount cannot be estimated beforehand, even 
in the case of a similar cultivation in the same nutrient medium. 
Madsen has vainly endeavoured to explain these variations ; the 
kind of flasks and the sterilisation of the nutrient medium have 
no influence on the results. 

We have reached such a stage in the preparation of the poison 
of diphtheria bacilli that for immunising purposes we now use 
only poisons 02 c.c. of which will kill with acute symptoms 
guinea-pigs of 250 grms. The essential conditions for the pro- 
duction of the virus are : — 

1. A suitable cultivation which grows upon the surface— 4.e., 
develops on the bouillon in the form of a membrane ; 

2. Alkalinity of the bouillon ; 

^ Lubowski, " Ueb. einen atoxischen- und avirulenten Diphtheriestamm," 
ZeU./, ffyg., xxxv., 87, 1900. 
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3. Presence of a suitable peptone, preferably Chapoteaut's, in 
the proportion of 2 per cent. ; 

4. A sufficient supply of air, for which reason the flask should 
only be filled to about a third of its capacity ; 

5. Not too short and not too long a period of growth at 37** C. 
This depends upon the culture, and tests must be made with each 
different variety to determine when the maximum production of 
poison has been attained. As a rule, it takes from about ten 
days to three weeks. 

Lastly, means have also been sought to obtain a solution of 
poison which, while effecting rapid immunisation, would yet be 
but little poisonous, and so would not endanger the lives of 
the animals used for the experiments even when given in large 
doses. Brieger, Kitasato, and Wassermann ^ have found that 
diphtheria cultivations grown upon thymus bouillon lose their 
toxigenic capacity whilst their immunising power is but little 
affected. Here there is presumably a formation of immunising 
toxoids. Then, still more recently, Madsen has succeeded in 
effecting immunisation by means of the toxones of diphtheria, 
and we shall have more to say about this when we deal with 
them later on. 

When liquids rich in poisons have thus been obtained, all that 
is necessary is to sterilise them. The methods employed for this 
purpose are the ordinary ones in general use : heat, addition of 
antiseptics, and filtration through bacterial filters. 

Roux and Ybrsin found that solutions of the poison were rendered non- 
poisonous after a few minutes at 58" C. , but that the dry poison could be 
heated for more than an hour at 98° C. 

Frankel^ endeavoured to sterilise cultivations by heating them for an 
hour at 65" to 70** C, whilst Brieger and Frankel* found that small 
quantities could be sterilised with certainty when heated from three to 
five hours at 60" C, but that the poison was speedily destroyed above 
60" C. 

Behring and Wernicke * added calcium chloride to obtain a precipitate 
of calcium phosphate in the cultivations, and sterilised the dried precipi- 
tate by heating it at IT C, and this did not materially injure the toxine 
simultaneously carried down. 



^ Brieger, Kitsato, and Wassermann, " Ueb. Immunitat. u. Giftfesti- 
gung," Zeit.f, Hyg,, xii., 137, 1892. 

^l^rankel, " Immunisierung Versuche bei Diphth.," Berl, Uin, Woch., 
1890, 1133. 

8 Brieger and Frankel, ** Ueber Bakteriengifte," ibid., 1890, 240. 

* Behring and Wernicke, **Ueb. Immunisier. u. Heilung von Versuchs- 
tieren b. d. Diphth.,*' ZeiLf. Hyg,, xii., 10, 1892. 
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Of the chemical agents that destroy the living bacilli, and 
simultaneously have a preservative influence upon the poison 
solution, and are also added for the latter purpose cdone after 
filtration, the following are employed : — 

Iodine trichloride, ICI3, by Beheing and Wernicke. 

Tricresol, in a 0-3 per cent, solution, by Aronson (loc. cit). 

Phenol J also in a 0*3 per cent, solution (Spronck, loc, cit). 

Toluene is used by Ehrlich, who keeps his poisons at 15** C. 
in the dark under a layer of that substance. According to 
Abba,^ diphtheria toxine can be preserved for two years if kept 
under toluene in the dark and in the cold. 

The best and most suitable means of preparing and preserving 
diphtheria virus for practical immunising purposes is the fol- 
lowing method, described by Ehrlich and Wassermann: — The 
bouillon cultures prepared in the manner described above are 
filtered through double filter paper, so that the coarse bacterial 
membranes are separated. The filtrate is then covered with a 
layer of toluene of the depth of about two fingers'-breadth, and 
the whole thoroughly shaken at frequent intervals during two 
days. All living micro-organisms will then be destroyed and 
the liquid will contain only the poison. When required for use 
the poison is invariably withdrawn by means of a pipette, inserted 
beneath the preservative layer of toluene. The poison must be 
kept in a cool place, and in particular protected from light by 
being placed in black flasks or flasks covered with paper. This 
is the method of preparing and preserving the poisons in use 
in the Prussian Control Station. 

For more delicate biological and chemical investigations this 
rough filtration is insufficient, and in such cases the liquid must 
be completely freed from the cells of the bacilli by filtration 
through a proper bacterial filter, and then sterilised. 

Attempts to Prepare Fore Diphtheria Toxine. — Attempts to 
isolate diphtheria toxine in a pure or, at least, concentrated 
condition were made even in the earliest period of the investi- 
gation of diphtheria bacilli. 

LoFFLBR 2 found that evaporation or shaking with ether did 
not yield active poisons ; but, on the other hand, by extracting 
inoculated meat broth with glycerin he obtained a slightly toxic 
substance which could be precipitated by means of alcohol. He 
termed this, even in this condition, an " enzyme." 

^ Abba, "Ueb. d. Dauor des toxisch. Vermogens beim D.-T. u. Antit./' 
CentrcUbl.f. Bakt., xxiii., 934, 1898. 

^Loffler, "Der cegenw. Stand d. Frage n.d. Entsteh. d. Diphtherie," 
Deutech, med, Woch., 1890, Nos. 5 and 6. 
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Subsequently Boux and Yebsin, Madsen, and others obtained, 
by means of precipitation with alcohol, saturation with ammonium 
sulphate, and precipitation with calcium phosphate, active dry 
preparations, which, of course, made no pretensions to purity. 
The fundamental idea underlying these experiments is that the 
diphtheria poison is carried down mechanically by the voluminous 
precipitate—c.^., of calcium phosphate — produced in its solution, 

Bbieoeb was the first to undertake these investigations in a 
systematic and thorough manner. At first, in collaboration with 
C. Fbankel,^ he look^ for ptomaines in the diphtheria cultures, 
but soon had to admit that there were absolutely no volatile bases 
present. On this account Bbiegeb has considerably modified his 
views on the significance oi ptomaines. He now obtained from 
the cultivations, not only of diphtheria bacilli, but also of many 
other bacteria, poisonous proteid substances which he termed 
toxalbumins. 

The method by which Bbiegeb and Fbankel isolated their 
diphtheria toxalbumins is as follows : — 

The globulins are first separated from the bouillon by saturating it with 
magnesium sulphate at 3^ C. This gives a slight precipitate which is 
completely non-poisonous. 

The poisonous proteids are next precipitated from the bouillon thus 
treated, or, equally well, from the fresh bouillon, by means of cMnmonium 
sulplutte or sodium sulphate^ or also by the addition of a large excess of 
alcohoL Since the ammonium sulphate precipitate must be redissolved 
and dialysed (not without loss), it is best to employ precipitation with ■ 
alcohoL 

The bouillon is evaporated to a third of its volume at 30° C, and treated 
with ten times its quantity of absolute alcohol, preferably with the addition 
of a few drops of acetic acid. After standing for twelve hours in an ice-chest 
the liquid is filtered, and the precipitate taken up with water and again 
precipitated with alcohol, this treatment being repeated six or eight times 
until the substances dissolve to a completely clear solution in water. 
Finally, the preparation is dialysed and dried in vacuo at 40° C. 

This treatment yields a snow-white powder, the aqueous 
solution of which does not coagulate on boiling. It gives no 
precipitate with sodium sulphate, sodium chloride, magnesium 
sulphate, nitric acid, or lead acetate, but is precipitated by 
saturated solutions of carbon dioxide and by all the usual 
reagents for proteids. The substance is thus allied to the 
albumoses; it yields a benzoyl derivative, but not a phenyl- 
hydrazine compound. In the dry state it can be heated to 
70* 0. without injury. It is poisonous, a dose of 2*5 mgrms. 

^ Brieger and Friinkel, '*Ueber Bakteriengifte," Berl. hlin. Woch., 1890, 
241. 
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per kilo, causing certain death. Hence, it is not very poisonous, 
a part of the toxine apparently having heen destroyed. 

Wassekhann and Prosk aueb ^ have modified this method. They evapo- 
rate the bouillon (which has been neutralised bv the addition of 10 to 
12 c.c. of normal soda solution, and sterilisea by filtration through 
KiTASATo's filters, at a temperature of 27** to 30** C. in vacuo to a tenth 
of its volume. It is then dialysed in running water at a lower tempera- 
ture, by which means the salts and peptones are removed, and the globtUins 
(which are not poisonotis) partially precipitated. The contents of the 
dialyser are filtered until clear — an important point — and then poured 
into ten times their volume of 60 to 70 per cent, alcohol acidified oy the 
addition of a few drops of acetic acid, and allowed to stand for twenty-four 
hours. The resulting precipitate is separated by filtration and the filtrate 
allowed to fall drop by drop into dbsolute alcohol. The new precipitate 
that is formed is also filtered o£f, and both dissolved in a small quantity of 
water and precipitated by the addition of twice the amount of a saturated 
solution of ammonium sulphate. This precipitate is again dissolved, £md 
the solution dialysed until it no loneer gives the sulphate reaction, after 
which it is again introduced into absolute alcohol and the process repeated 
until the aqueous solution is perfectly clear. The preparations are then 
dried in vacuo at 37° C. Thev give all the reactions ot albumoses. Only 
preparations precipitated by alcohol of, at least, 60 per cent, strength are 
poisonous — not the others, so that in this way it is possible to e£fect a • 
further separation from the bulk of proteids simultaneously precipitated. 
These products were also obtained in the same manner from extracts made 
with ^ycerin and ordinary salt from the organs of human beings infected 
with diphtheria. All these preparations, however, were only very dightty 
poisonous. Ten mgrms. were required to kill a rabbit in three to four 
days, and with 3 mgrms. death did not take place until after eight weeks. 

Products of greater toxicity were obtained by Wasseemann 
and Froskauer by extracting the organs of poisoned rabbits 
with glycerin. This process yielded a ,white powder which, 
when injected in' a dose of 0*2 mgrm. into the veins, killed a 
rabbit in six to fourteen days. 

The separation of the true toxine from the associated proteid 
iip purities, and therewith our knowledge that the active principle 
is not a protein is also due to Brieger,^ who, in collaboration 
with Boer, has prepared the toxine in a fairly pure condition. 

For this purpose, Briegbb and Bobb made use of the method of 
precipitating the toxine in the form of a double salt of zinc. The 

Srecipitation is practically (Quantitative, at all events in the case of 
iphtheria poison, but the difficulty of separating the toxine from the 
zinc is rendered the greater by the. fact that hydrogen sulphide, which 

^Wassermann and Proskauer, "Ueb. die von d. Diphtheriebaoillen 
erzeugten Toxalbumine,** Deutsch, med. Woch,, 1891, 585. 

"Brieger and Boer, *• Ueb. d. Toxine d. Diphth. u. d. Tetanus," Deutach. 
med, Woch,, 1896, 783; Zeit./. Hyg., xxi., 259, 1896. 
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would otherwise have been a very suitable agent, destroys the tozine. 
After long and oarefol experiments they arrived at the following method 
of separation : — 

The poison-bouillon (blood serum was used with good results as the 
culture medium) is treated with twice its volume of a 1 per cent, solution 
of zinc chloride, and the resulting precipitate thoroughly washed with 
water, and then vigorously shaken with a 3 to 6 per cent, solution of 
ammonium carbonate. Ammonium phosphate solution is next added until 
the whole of the precipitate passes into solution, and there is only a slight 
turbidity due to separated zinc phosphate. This is allowed to subside and 
then collected on a touehened filter and thoroughly washed with water. 
The filtrate is saturated with solid ammonium sulphate, the precipitate 
redissolved in water, and the solution precipitated with soUd sodium 
sulphate, by which means the peptones are left in solution. 

As thus prepared the toxine no longer gives the reaction of 
proteids. The zinc compound also shows no proteid reactions, 
and is optically inactive, but turns red when boiled with a 
solution of iron chloride. 

Alcohol, ether, acetone, acids, and weak oxidising agents 
rapidly destroy the poison, while weak alkalies and reducing 
agents do not affect it. Diphtheria toxine can also be obtained, 
although, of course, only in very small quantities, from dialysed 
urine — i.e., proteid-free culture medium (Quinochet, loc, cit.) — 
and from other similar nutrient liquids (Uschinsky^). The culture 
medium used by Uschinsky had the following composition : — 
Glycerin, 40 to 50 parts; sodium chloride, 5 to 7 parts; am- 
monium lactate, 10 parts; calcium chloride, 0*1 part; magnesium 
sulphate, 0*2 part ; and potassium hydrogen phosphate, I part ; 
in 1,000 parts of water. The poison did not give the usual 
proteid reactions. 

Properties of Diphtheria Toxine. — The poison is not known in 
a state of chemical purity. Hence, all that can be stated about 
it relates to the preparations that contain it in admixture with 
other substances. Its most important properties have already 
been described by Roux and Yeesin. 

It is probably not a proteid, since the purest preparations 
{vide supra) do not give the proteid reactions. An attempt 
made by Aerhenius and Madsen ^ to determine the molecular 
weight from the speed of diffusion into gelatin has so far only 
led to the conclusion that toxines have at all events a much 
smaller molecular weight than antitoxines. 

^Uschinsky, '*Ueber Diphtherieculturen auf eiweissfreier Nahrlosimg, 
CentralbL /. Baht,, xxi., 146, 1897. Id,, *< Les Poisons de la Diphtheric et 
du Cholera," Arch, de M4d, Ea^,, 1893, 293. 

^Arrhenius aad Madsen, "On the molecular weight of Di.-T.," Fest^ 
achrift des Statena Serum Inetitut, Copenhagen, 1902. 
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It is very sensitive to external influences. The true toxine is 
very rapidly destroyed by boiling and fairly rapidly at about 
60* C, but the heated solution still retains a certain toxic power, 
and when injected into animals produces emaciation and paralysis 
as a secondary affection, and frequently causes death. The 
poison appears to undergo a similar change within the organism. 
Roux and Yersin have prepared poisonous substances with 
quite analogous properties from the organs and urine of children 
who had suffered from severe attacks of diphtheria. These 
produced toxic effects resembling those caused by toocones (vide 
infra). 

The simultaneous action of oxygen and light injure diphtheria 
toxine very rapidly, but either of the factors alone has much less 
effect. 

According to Piazza,^ diflfuaed daylight acts very slowly ; a perceptible 
decrease can be observed after twenty-three days, but it does not become 
considerable until after ninety-six days. Direct sunlight acts very ener- 
getically when oxygen is admitted. Only the ends of the spectrum, the 
heat rays, and the actinic rays (red and violet) have any action, the centre 
(yellow) being completely inactive. 

The toxine is also rendered inactive by acids, Roux and 
Yersin state that acidification of a solution of the poison with 
lactic or tartaric acids renders it nearly harmless ; phenol, boric 
acid, and borax have a less injurious effect. Neutralisation par- 
tially restores the activity. 

According to Bbieger and Boer, it is extraordinarily sensi- 
tive to the action of oxidising agents, whereas reducing agents in 
slightly alkaline solution have but little effect. This explains 
why the slightly alkaline reducing fluids of the body form its 
best medium. D^l^arde^ asserts that it is rendered innocuous 
by anti^pyrine. It is also destroyed by other antiseptics when 
more concentrated, and by salicylaldehyde (Salkowski ^). Yeast 
weakens the toxine (Nobecouet*). 

It is extremely probable that, in general, the nature of the 
surrounding medium has an influence upon the condition and the 
action of the toxine, but it is far too sweeping, and is contra- 

' Piazza, <* Influenza della luce solare sulla tossina difter.," Ann, d'Igiene 
Sperim, [New Series], v., 521, 1895; Abst. Centralhl. /. Bakt., xix., 914, 
1896. 

^D^l^rde, "Rech. exp^r. sur les propri^t^s, &c., de Tantipyrine," 
Arch, de. M6d, JSxper., 1897, 786. 

•Salkowski, "Ueb. d. Wirkg. d. Antiseptica auf Toxine," BerL Bin, 
Woch,y 1898, 545. 

* Nob^coiui>, "Action des levures, &c.," Soc, Biol,, lii., 753, 1900. 

6 
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dieted by the undoubted changes that can be detected in the 
poison itself, to attempt, like Danysz,^ to attribute every altera- 
tion in the action to changes in the surrounding media. The 
other external characteristics are quite analogous to those 
belonging to all enzymes. 

Diffusion through parchment can be plainly perceived. Thus, 
when 5 c.c. of the poisonous bouillon were diffused into 12 c.c. of 
water, there passed through, on the average, in twenty-four hours 
a lethal dose for guinea-pigs (Roux and Yeesin). On the other 
hand, it does not diffuse through membranes formed from the 
organs of animals — e.g., the cEsophagus, large intestine, the 
gall bladder, and the small intestine (Chassin and Moussu^). 
Nor does it pass through collodion (Rodet and Gu^chofp ^). 

It is completely insoluble in pure alcohol, which, however, 
slowly destroys it (Wasseemann and Proskauee, loc. cit.\ as 
also does acetone and ether (Briegeb and Boee, he. cit.). It is 
likewise destroyed by the digestive ferments in the stomach and 
intestine (Paltschikowski*). 

Like the enzymes, it is carried down from its solutions by 
falling precipitates. On fractional precipitation with calcium 
chloride the resulting calcium phosphate precipitate simul- 
taneously removes a large proportion of the toxine, the second 
precipitate being the most poisonous. The precipitation, how- 
ever, is never quite complete, still less so in the case of aluminium 
phosphate. In particular, the characteristic poisons that pro- 
duce the secondary paralysis remain for the most part in solution. 
This calcium phosphate precipitate can be heated to 70* C. 
without injury, and is not perceptibly damaged by being kept 
for twenty minutes at 100° C. When subcutaneously injected it 
slowly parts with its poison, besides producing inflammatory 
processes (separation of fibrin, false membranes), so that it 
appears to act exactly like the living bacilli. It is also pre- 
cipitated by nucleo-histone and nucleic acid (Feeund and 
Grosz^). Toxines almost free from ash can be obtained by 
dialysing the aqueous extract of this precipitate, or by precipita- 
tion with alcohol. 

^ Danysz, "Constitution des toxines," Ann. Past., xiii., 581, 1899. 

2 Chassin and Moussu, "Influence de la dialyse, &c.," Soc. Biol., lii., 
694,1900. y ^ > 

8 Rodet and Gu^choff, Soc. Biol., Hi., 965, 1900. 

* Paltschikowski, ** Ueb. d. Veranderungen der diphtheritischen Toxine 
in dem Nahrungswegen," Abst. Centralhl. f. Bakt., xxv., 1899. See also 
the General Part. 

' Freund and Grosz, " Ueb. d. Bez. zw. Grerinnung u. d. Wirkg. d. Anti- 
toxine," CentraXbl. f, inn, Med., 1895, 613, 637, 
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Special attention was given some time ago to the behaviour of 
solutions of diphtheria virus under the influence of electric currents. 
In the first place, Smirnow^ and Keugbe* allowed continuous 
currents of low intensity to act upon the toxines, and found that 
when the current was cautiously applied there was a slight de- 
velopment of acidity at the anode. When the degree of acidity 
was such that 1 c.c. of the liquid neutralised about 1*2 c.c. of 
normal soda solution the current was discontinued, and it was 
then found that the toxic value had been considerably lowered, 
but not the immunisation value. Perfectly analogous results 
were obtained by d'Arsonval and Charrin^ in their experiments 
with high-tension alternating currents of great power. On these 
results were based theoretically untenable and very fai*-reaching 
speculations on the formation of " artificial therapeutic serum " 
without the aid of an animal, &c. ; in addition to which the 
fantastic idea occurred to d'Arsonval and Charrin of treating 
infection in the body itself by means of such high-tension 
currents, which, as is well known, have no action at all upon 
man. 

All these somewhat mystical conceptions, however, about the 
influence of electricity have been explained by Marmier.* He 
has shown that during the electrolysis with continuous currents 
oxidising substances are formed, notably hypochlorite and free 
chlorine from sodium chloride invariably present, and that these 
have a secondary action on the toxophore group of the poison. 

As regards alternating currents, Marmier was able to demon- 
strate that, in spite of cooling with ice, such intense heating 
occurred that this alone was sufficient to explain the weakening 
of the poison. When he excluded this factor by mea,ns of in- 
genious devices, there was no perceptible action on the toxine 
either of diphtheria or tetanus. 

Hence we have here to deal with secondary alterations under 
the influence of the electric current, and these evidently tend to 
a more rapid /orma^icm of toxoid, with accompanying destruction 
of the toxophore group. 

Physiological Action of Diphtheria Toxine. — Diphtheria toxine 
is extremely poisonous to many animals. Roux and Ybrsin 
estimate the single lethal dose for a guinea-pig at about 0*05 

1 Smirnow, **Ueb. d. Behandlungd. Diphtherie," -ffeW. Jdin. Woeh., 1894, 
683 ; 1895, 645, 675. 

2 Kriiger, ** Ueb. die chem. Wirkg. d. Electriz. auf toxische und 
immunis. Bakteriensubstanzen/' Deutsche med. Woch., 1895, 331. 

' d'Araonval and Charrin, ** Action des Courants i& haute freqnenoe sur les 
toxines bact^riennea," Comptes Rend., cxxii., 280, 1896. 
^ Marmier, '' Les toxines et I'^lectricit^,'' 4nn. Fast., 1896, 469, 
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mgrm., and for a rabbit about 0*1 mgrm. of the organic ash-free 
substance, containing only a fraction, and possibly only a very 
small one, of the pure toxine. 

Calabrese and Zagabi^ assert that it has absolutely no action 
upon cold-blooded animals, but Courmont, Doyon, and Paviot^ 
observed paralysis and emaciation in the case of warmed frogs. 
The action of the toxine corresponds in all essential points with 
the general effects produced by the living bacilli. Hence it is 
unnecessary to give an exact description of these symptoms here. 
We will content ourselves rather with a quite superficial survey, 
since the symptoms of diphtheria are described in detail in 
numerous text-books. 

As regards the general action of diphtheria virus, the following 
points have been recorded: — 

One of the most striking symptoms is the considerable en- 
largement of the blood-vessels, which occurs after a certain 
period of incubation (vide infra). 

The ten^erature first rises and then sinks below normal (to 
25"* C), tins being due, according to Arloing and Laulani^,^ 
to the decrease in the vital energy and the oxidising processes. 
With very large doses the hypothermia may persist (Courmont 
and Doyon *). 

The whole metabolism of animals after poisoning with diph- 
theria toxine has been studied, with reference to the amounts 
of chlorine and nitrogen, by Pace* and others. One of the 
phenomena is an extensive decomposition of albumin. 

Special interest attaches to the question whether diphtheria 
toxine has a directly injurious effect upon the heart's action or 
not. It is true that collapse of the heart eventually occurs, and 
that the heart remains arrested in diastole; but it is not yet 
decided whether this is not the secondary result of a primary 
paralysis of the vasomotors. 

Krassnow^ asserts that the main action of diphtheria toxine 

^Calabrese and Za^ari, *< Bicerche suUa tossina ed antitossina difter./' 
Oi(ym. Intemaz. di Scienze Mediche, 1895, No. 4, 19-21 ; Baumgarten^a Jh., 
1896, 215. 

2 Courmont, Doyon, and Paviot, "Action de la toxine dipht^rique but le 
Syst^me nerveux de la ^renouille, &c.," Soc. Biol,, xlvii., 210, 1895. 

' Arloing and Laulanid, " £t. exper. but leB troubles imprimis . . . par 
les toxines diphth.," Soc. Bud., xlvii., 433, 1895. 

^ Courmont and Doyon, "Marche de la temperature dans I'intoxication 
diphth.," Arch, de Physiol., xxvii., 252, 1896. 

' Pace, "Influenza della tossine difter.," // Polidinico, 7; BawmgartevCa 
Jh., 1900, 180. 

« Krassnow, "Zur Pharmakol des Di.-T.," Wratsche-hnaja Oazetta, 1904, 
23; Biochem. CentrcUbl.^ iii.,No, 304, 1904, 
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is upon the respiratory centres, and that only in the final stages 
is the heart itself also affected. 

Enriquez and Hallion ^ found that the pressure of the blood 
did not fall until after some time ; this was confirmed by Beck 
and Slapa,2 who only observed a sinking in the pressure of the 
blood shortly before death. 

Comprehensive investigations into the behaviour of the heart's 
action in cases of poisoning with diphtheria toxine have been 
made by Romberg, Fassler, Bruhns, and Muller,^ who con- 
clude from the results that there is not a primary effect upon 
the heart's action, but that the injury to the vasomotors is the 
only direct action. The heart is only injured in consequence of 
a deficient supply of blood. Stejskal* has severely criticised 
these results and claims, on the strength of his assumed more 
accurate experiments, that diphtheria virus does cause direct 
injury to the heart. 

He concludes that after a very short acceleration of the heart's 
action there occurs a short period of continuous weak action, 
which is followed by a period of acceleration, the final result 
being a decided decrease in the work done by the heart, attribut- 
able to injury of the heart rather than of the vasomotors. 

These conclusions are supported by the researches of Feny- 
VESSY 5 and Sharp,® who were also able to prove the direct effects 
of diphtheria virus upon the isolated heart of a frog. 

MoLLARD and Kegaux^ observed myocarditic alterations in 
the heart after death, which possibly are also to be regarded as 
evidence of direct injury, 

Eppingeb^ also observed serious changes, which he termed 
myolysisy in the muscle of the heart. From this he concluded 

^ Enriquez and Hallion, "Sur lee effets physioL de la toxine diphth./! 
Arch, de Physiol., xxvii., 515, 1895. 

2 Beck and Slapa, "Ueb. den Einfl. des D.-G. auf den Kreislauf," Wim. 
Jdin, WocKy 1896,333. 

• Romberg, P&ssler, Bruhns, and Miiller, " Unters. iib. d. allff. Pathol, 
der Kreislaufstdrung bei akuten Infektionskrankh.,'' Arch, /. Juin. Med.y 
Ixiv., 662, 1899. 

^ Stejskal, '^Kritisch-experim. Unt. iib. d. Herztod infolge von Diphth.- 
Toxin.," Z./. klin. Med,, xliv., 367, 1902. 

« Fenyvessy, "Ueb. d. Wirkg. d. D.-T. u. Antit. auf das Froschherz.," 
Jahrb.f, KinderK, new series, xliii., 216, 1896. 

* Sharp, ** The action of the products of the organism of diphtheria on 
the heart of a froz," Joum, qfAtuU. and Physiol., xxxi., 199, 1897. 

^ Mollard and Kegaux, ''Illusions du myocarde dans Pintox. aigfie par la 
t. d.," Ann. Past., xi., 97, 1897. 

^ Eppinger, **I>ie toxische Myolyse des Herzens bei DL," DetU^ch. med. 
Woch., 1903, Nob. 15, 16. 
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tii&t the toxine attacked the muscle directly, combined with it, 
and thus injured it. 

As regards individual organs^ the following facts are on 
record: — 

Intestine, — Coubmont, Doyon, Paviot^ observed exudations 
and enteritis memhranacea in the small intestine of dogs. 

Liver, — Couemont, Doyon, and Paviot^ found a hepatitis 
parenchymatosa^ with hyperoemia and internal haemorrhage, in 
dogs after intravenous injection. Baldassaei^ observed thick 
swellings and similar changes, such as occur in poisoning by 
plMsph^rus and arsenic. He records the occurrence of epithelial 
changes in the kidneys. 

Local lesions of the eye similar to those that occur in diph- 
theria have been observed by Moeax and Elmassian.* Gatti ^ 
has also found that direct contact of diphtheria toxine with the 
retina produced injuries which led to swelling of the tissue, with 
conservation of the nuclei and ganglionic cells. 

But, above all, it also causes serious disturbances in the cent/ral 
nenxms system, which we cannot describe in detail here. Investiga- 
tions on this point have been made by Eneiquez and Hallion,^ 
Ceooq fils,^ Thomas,^ Mueawjew,® and others. 

It is very questionable, however, whether these lesions of the 
nervous system are to be directly attributed to diphtheria toxine 
as such. So far as these changes have to do with the diph- 
theritic secondary paralysis, they must probably be attributed 
to the toocones. Whether the pure toxine can also produce 
secondary paralysis, or whether this is only a function of the 
toxones, cannot be asserted with certainty as yet, although the 
latter alternative is the more probable. The symptoms of 

* Courmont, Doyon, and Paviot, "Lesions intestinales dans I'intoxic- 
diphth.," Arch, de Phys., xxvii., 484, 1895. 

^Courmont, Doyon, and Paviot, "Lesions h^patiques engendr6s par la 
t. d.," Arch, de Phye., xxvii., 687, 1895. 

•Baldassari, ''Ueb. d. Wirkg. d. D.-T. auf den Zellkem," C. f, aUg. 
Po<Ao/.,vii.,626, 1896. 

^Morax and Elmassian, ** Action de la toxine d. sxa les muqueuses," 
Aim. Past.y xii., 210, 1898. 

'^ Gatti, "L'azione di alcune tossine batteriche sopra gli elementi delta 
retina," abst. by the author in Biochem. CentraXbl., i., No. 775, 1903. 

* Enriquez and Hallion, "Myelite exp^r. par t. d.,"iSoc. Biol., xlvi., 312, 
1894. 

7 Crocq, "S. Talt^rat. du. Syat. nerveux dans I. paralys. diphth.," Arch, 
med. exper., vii., 503, 1895. 

^ Thomas, Boston Med. and Surg. J., 1898, No. 4, et 8fq. 

'Murawjew, ^'Des D,-T. a. Antit. in ihrer Weohselwirkg. auf das 
Nervensystem d. Meersohw.," Fortschr. d. Med., 1898, 93. 
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general poisoning are completely analogous to those produced 
by the living bacilli, so that we are justified in assuming that 
the latter cause such deleterious effects solely by means of the 
toxine that they produce. 

Guinea-pigs after poisoning with diphtheria toxine show, on 
poftt-mortem dissection, the typical appearance of the disease 
produced by the bacilli. 

FlexnerI has given a most careful description of the appear- 
ance on section after poisoning with diphtheria toxine : oedema, 
swollen glands, congestion and kcemorrhage of the suprarenal 
bodies ; otherwise there is little that is characteristic even under 
the microscope. Councilman, Malloey, and Pearce^ have also 
made a careful investigation of these symptoms. 

Roux and Yersin were able to produce a typical pseudo mem- 
brane in guinea-pigs by inoculation of the trachea and vagina 
with diphtheria virus. 

The guinea-pig is the most susceptible animal, but, according to 
Ehrlich, different varieties have different degrees of suscepti- 
bility. Horses, goats, and sheep are very susceptible. Rabbits 
are less susceptible, and mice still less, being almost immune. 

After subcutaneous or intravenous inoculation the poison dis- 
appears from the circulation with extraordinary rapidity, being 
concentrated and fixed by the receptors of the tissue. This can 
be recognised by the fact that doses of antitoxine introduced 
after the injection of the poison lose all power of action with 
extreme rapidity as the difference in time increases. 

DoNiTZ^ found that a quantity of antitoxine just sufficient to 
neutralise seven times the lethal dose could no longer save the 
animal fifteen minutes after inoculation, and that after one and 
a half hours even very large doses were insufficient. 

On the other hand, the toxic power of the blood after injec- 
tion of diphtheria toxine has also been directly investigated. 
BoMSTEiN* inoculated rabbits with a dose double that required 
to kill a guinea-pig for each c.c. of the blood of the rabbit. 
After an hour there was still 0*5 thereof present, after three 
hours 0-25, and after twelve hours 0-12. The rate of decrease 

^ Flexner, ** The pathology of toxalbumin intoxication," Johns Hopkins 
Hasp. Record, vi., 259, 1897 (reprint), 

2 Councilman, Mallory, and Pearce, ** Diphtheria: A Study of Bac- 
teriology, &c.," 1901. Quoted in detail by Vaughan and Novy, The 
CeUvlar Toxinea, 1902, p. 75, et seq. 

8 DSnitz, ** Ueb. d. Grenzen d. Wirksamkeit d. Diphtherieheilserums,'* 
Arch, intemat. d, Pharmacodyn.y v., 426, 1899. 

*Bomstein, **Ueb. d. Schicksal der Diphth.-T. in Tiororganismus," 
CentralhL/. Bakt,, xxii., 785, 1898. 
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is thus continually smaller, and the last traces seem to disappear 
very slowly. 

Similar results were obtained by Cboly.^ He found the 
toxine still unchanged after five minutes, and that half, at most, 
had disappeared after two hours. The poison is then, also, not 
to be detected in the organs of the body, nor is it excreted by the 
urine or intestinal fluid (Bomstein), although Brunnee^ claims 
to have detected it in the juices of the muscle^ and Salter^ in 
sweat (?). 

It does not act by way of the stomach or the intestines. It is 
destroyed, like all other toxines, by the digestive fluids, notably 
by the liquid of a pancreatic fistula ; less readily by the gastric 
juice. In very large doses it shows a certain amount of activity 
(Nencki, Sieber, and Schoumanowski*), as also when the 
mucous membrane is artificially injured (see also the General 
Part). 

CoNSiGLio ' claims to have observed a characteristic property of diph- 
theria toxine. He found that in small doses it had a stimulating e£feot 
upon fermentative processes, but a restrictive one in larger doses ; whilst, 
on the other hand, it invariably had a very unfavourable influence upon 
the germination processes of seeds. 

Toxoids and Toxones. — Nothing whatever is known of the 
properties of the toxoids that occur in old cultures (see General 
Part). We have not the slightest idea of the chemical process 
which induces the supposed inactivity of the toxophore group. 
Nor can we state whether they are physiologically indifferent in 
the free state, or whether they still possess a slight toxic capacity, 
although, according to numerical results — sharply differentiated 
values obtained during the alteration of the poison — the latter 
alternative is not very probable. 

The only proof that other substances are present in weakened cultures is 
the fact recorded by Brieger and Fbankel {loc. cit.) that they found in 
such cultivations a non-poiaonous substance, which was somewhat soluble 
in dilute alcohol, and could be distinguished from the toxine by chemical 
tests — e.gr., by the formation of a phenyl-hydrazine compound. This sub- 

^ Croly, **Sur 1. disparition de la tox. diphth. inject^e dans le sang.," 
Arch. intemcU. de Pharmacodynamief iii. 

2 Brunner, **Unt. Ub. die Wirk. von Bakterien- u. Pflanzengiften," Abst. 
CentrcUbl.f. Bakt., xxiv., 184, 1898. 

* Salter, **The Elimination of Bacterial Toxines," Lancet. 1898, i., 162; 
(/. Walsh, ibid., 362. 

* Nencki, Sieber, and Schoumanowski, "Die Entgiftung der Toxine," 
Genircm.f. Bakt., xxiii., 840, 1898. 

* Consiglio, ** Azione di alcune tossine, Ac," Arch, di Farm,, vi., No. 3, 
1898 ; Malya Jb„ 1898, 634. 
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stance was also found in abundance by Wassermann and Pboskaueb {loc. 
cit,) in weakened cultivations. It must be left an open question whether 
it has anything to do with the toxoids. 

On the other hand, we know that free toxones, which form a 
second primary decomposition group of products, and can be 
studied beyond doubt in the transitional stage, do exert quite dis- 
tinct toxic effects. Ehelich* has observed oedema, and secondary 
paralytic affections. Madsen^ found that they produced cedema^ 
but not necroaea or cUopecice, The secondary paralysis occurred 
in thirteen to thirty-three days, and, in the case of large doses, 
invariably ended in death. He also observed differences in the 
behaviour of different cultures. With very much weakened 
poisons, in particular (i.e., those in which a large amount of 
toxones was present in the transition from L^j to L+), there was 
a more frequent occurrence of cases in which death was delayed. 
On the other hand, it is very remarkable that rabbits are killed 
with very acute symptoms by toxones (Ehrlich). 

But the question of toxones is also of great theoretical interest. 
If toxones are really true haptines — t.e., substances which possess 
haptophore groups identical with, or closely allied to, those of the 
true toxines — they must also be able to throw off receptors — i.e.y 
to produce immunity, if Ehblich's side-chain is correct. 

This very interesting question has been experimentally investi- 
gated by Madsen and Dreyer,^ and answered in the affirmative. 
In the case of many poisons which were so far neutralised by 
antitoxine (vide supra) as to contain only toxones still in the 
free state, they succeeded in producing a fairly high degree of 
immunity in guinea-pigs, rabbits, goats, and horses. The serum 
of the animals thus treated contained fairly considerable, though 
very fluctuating, quantities of antitoxine^ reaching nearly as much 
as 400 I.E. per c.c. in the case of a horse. They were then also 
immune against the action of large doses of the fully poisonous 
toxine, from which the conclusion may be drawn that there is a 
close relation between the haptophore groups of the toxones and 
those of the true toxine. 

The lubbit occupied an exceptional position. At first the 
animal proved extremely susceptible. Mixtures which only 
produced the effect of toxones upon guinea-pigs still produced 

' Ehrlich, ** Zur Wertbemessung des Diphtherieheilserums," Klin, 
Jahrb.y vi. 

2 Madsen, *'Constit. du Poison diphtheria ue," Ann, Past,, ziii., 568, 
1899. 

* Madsen and Dreyer, ** Ueb. Immunisierung mit d. Tozonen d. Diph- 
theriegiftes," Zeit.f, Hyg,, xxxvii., 249, 1901. 
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acute symptoms in the rabbit. On the other hand, most of 
the animals experimented upon with such mixtures, which 
undoubtedly contained nothing but toxones still in the free 
state, perished later with secondary paralytic affections. One 
animal, however, remained alive and was able to receive without 
injury very large amounts of toxone, eventually even several 
multiples of a lethal dose of the toxine; but its serum never 
showed even tlie slightest trace of an antitoxine constituent. 

No explanation of this remarkable phenomenon can yet be 
given, unless we are willing to accept the view that although the 
active immunisation had stimulated the formation of protective 
substances, these had not been thrown off in a free state into 
the circulation (" sessile receptors " in Ehelich's terminology). 

Owing to the weak affinity of diphtheria toxone it is fixed 
much more slowly by the receptors of the organism — i,e,, it does 
not disappear so rapidly from the circulatory system as the 
toxine. We have shown above that even fifteen minutes after 
the injection of seven times the lethal dose Donitz was no 
longer able to save the animal by means of a quantity of 
antitoxine exactly neutralising the poison in vitro. 

Deeyer^ has made corresponding experiments with the 
toxones. 

After two hours the equivalent amount of antitoxine was 
invariably able to render completely harmless a dose of toxone 
which would otherwise have been undoubtedly fatal after twelve 
to eighteen days, both being introduced into the rabbits by 
intravenous injection. With an interval of five hours between 
the injections the first signs of paresis appeared ; with ten hours' 
interval they invariably occurred, though not until after twenty 
to twenty-two days ; with an interval of sixteen to twenty-four 
hours the antitoxine was completely powerless. 

Similar results were obtained in the therapeutic experiments 
made by Dketer with larger quantities of antitoxine, both 
substances being subcutaneously injected into guinea-pigs. A 
five-fold dose introduced twenty-four hours after the injection of 
a dose of toxone which would be undoubtedly fatal after twelve 
to eighteen days, was sufficient to prevent death, though not 
invariably to prevent paresis. 

Of seven animals that received after forty-eight hours a dose 
of antitoxine neutralising 5,000 to 10,000 times the amount of 
toxone injected, one had no paresis, while the others had only 
slight attacks ending in a cure after eighteen to twenty-five days. 

^Dreyer, "Ueber die Grenzen d. Wirkung d. Diphtherieheilserums 
gegeniiber d. Toxonen," Zeit,f» Hyg,, xxxvii., 267, 1901. 
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After an interval of 4 x 24 hours, and with a dose of anti- 
toxine neutralising 21,000 times the amount of toxone, there 
were two fatal cases of paresis, while one recovered after eighteen 
to twenty-one days. With an interval of 5 x 24 hours and the 
same dose of antitoxine (neutralising 21,000 times the amount 
of toxone) there were three cases of paresis, one of which ended 
in death after sixteen to twenty-nine days, while the other two 
recovered. The toxone is thus fixed relatively very slowly, and 
can still be influenced for a long time by the antitoxine, and 
probably also detached much more readily than the toxine from 
an already formed combination with the receptor. 

Diphtheria Antitoxine. — Diphtheria toxine produces in the 
body of an animal the corresponding antidote, the antitoxine. 
The antitoxine, which is thus a normal, but complementary, 
product of the body, occurs therefore in the fluids of the tissues 
and in the secretions of individuals that have recovered from 
diphtheria, or in artificially immunised animals. We cannot 
deal here with the mode of production of antitoxine and its 
relationship to artificial immunity and serum therapy; only 
what is known of diphtheria antitoxine, as such, can be described 
here. 

The two main sources for the artificial preparation of anti- 
toxins are blood serum and the milk of immunised animals. 
The more highly the animal is actively immunised, the richer 
these fluids in antitoxine, and the greater the prospect of 
obtaining it from them in a highly concentrated, if not pure, 
condition. 

The antitoxine is present in considerable quantities only in 
the serum of artificially immunised animals, although, naturally, 
it has been found to a less extent in the blood of those con- 
valescent from diphtheria. 

It is, however, particularly interesting that even the normal 
serum of many species of animals contains diphtheria antitoxine, 
and that thus haptophore side-chains are normally present in 
the circulatory system. A. Wassermann ^ was the first to detect 
antitoxine in 85 per cent, of the adults and 60 per cent, of the 
children examined. Antitoxine has also been frequently found 
in horse serum — e.^., by DiEUDONNfc* and Cobbett.^ 

^A. Wassermann, '*Ueb. d. pers. Prophylaxe gegen Diphth.," <^ei^. /. 
Eva,, xix., 408, 1895. 

^Bieudonn4, **Ueb. Diphtheriegift neutraUs. Wirkung d. Serum- 
globuline." Arh. a, d. Kaiserl, Oes^-Amt., xiii., 293, 1897. 

"Cobbett, "Enthalt das normale Pferdeserum Antitoxin?" CentrcM.f, 
Bakt., xxvi., 458, 1899. See also Lancet, 1899, ii., 332. 
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As an explanation of the fact that children at the breast are 
seldom attacked by diphtheria great importance attaches to the 
discovery of Fischl and v. Wunschheim^ supplementing the 
work of Wassermann, that the serum of healthy suckling babies 
already contains fairly considerable quantities of diphtheria 
antitoxine ; they detected it in 83 per cent, of all the children 
examined. The correspondence with the numbers observed by 
A. Wassermann indicates that here there must be a transference 
of antitoxine from the mother to the baby by means of the 
placental blood and the milk. 

As in the case of the toxine we must here distinguish between 
two aims — ^those that have in view only the preservation and 
concentration of the antitoxine for practical purposes with or 
without the production of a solid product, and, on the other 
hand, the attempts that are made in careful investigations to 
obtain an insight into the constitution of the antitoxine itself, 
by determining its ratio to the different proteids in its mother 
liquids and by isolating as completely as possible the active 
principle. 

Preservation of the Serum. — The first necessity is to preserve 
the serum so that it retains its full amount of antitoxine, while 
decomposition is prevented. The serum will keep for a fairly 
long time if protected from the action of air, light, or bacterial 
contamination. Since it is a good nutrient medium for bacteria 
it must be prepared and kept with strict aseptic precautions. In 
addition to this an antiseptic agent, such as phenol in solutions 
up to 0*5 per cent, in strength, is usually added. 

According to di Martini ^ sterilisation by filtration is un- 
suitable, since a considerable proportion of the antitoxine is kept 
back by the Chamberland filter. This is categorically denied by 
DziERZGOWSKi.3 CoBBETT* has thoroughly investigated this 
point, so extremely important from a practical point of view, and 
asserts that such retention frequently occurs, especially with the 
Berkefeld or Martin filter, and may be very considerable, par- 
ticularly when the pores of the filter begin to be clogged. 
Hence the filtration ought not to be forced. When it does not 
take place easily without the application of high pressure from 

^Fischl and v. Wunschheim, "Ueb. Schutzkorper im Blute der 
Neugeborenen," Prager med, Woch., 1895, No. 45, et aeq. 

2 (U Martini, " Sul comportamento del siero antidifterico filtrato," Bif. 
Med., 1896, No. 266 ; Abst. Geniralhl.f. BaU., xxiv., 861, 1898. 

' Dzierzgowski, ** Z. Frage : Ueb. die Verluste des Diphth.-Heils. bei der 
Filtration," Centralbl f, Bakt,, xxi., 233, 1897. 

* Cobbett, **Der Einfluss der Filtration auf das Diphth. -Antitoxin," 
CentrcUhLf, Bakt,, xxiv., 386, 1898. 
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outside it is very scsanty. The antitoxine is retained by a 
gelatine filter (Brodie^). 

The antitoxine is rapidly destroyed when heated to the boiling 
point. Even a temperature of 60" to 70** C. is injurious (Van 
DE Vblde 2). The dry antitoxine, however, can resist a tempera- 
ture of 110" C. for half an hour, and of 140" C. for fifteen 
minutes (Camus 8). It can resist lower temperatures to some 
extent. Spronck* has heated it to 59" C. for sterilisation 
without materially weakening its antitoxine power. Temper- 
atures up to 36° C. have no influence upon it (Palmirski 
and Orlowski^), although, according to Muller,^ they are 
very injurious when continued for longer periods (two 
months). 

It appears to be unaffected by very low temperatures 
(BuJWiD^). Direct sunlight and plentiful introduction of air 
(long continued shaking) are injurious (Palmirski and Or- 
LOWSKi, loc, ciL), MiJLLER {loc, cit,) found that yellow and red 
light were harmless, even after being allowed to act for months, 
but that blue and green light were very injurious, as was also 
daylight after long continued action, whilst Marbnghi ^ found it 
had no effect if the exposure were short. According to Mijller 
all gases have a very injurious action, and hence he recommends 
that the tubes should be filled as full as possible so as to exclude 
any considerable amount of gas. It is thus best to keep them in 
the dark, upon ice, and closed in such a way as to exclude air 
and to protect them from contamination. Solid preparations of 
antitoxine should also be protected from moisture by means of 
pJiospJioric anhydride in vactu>, as recommended by Ehrlich ; 
under such conditions they remain unaltered for years. 

^ Brodie, J. of Pathol., 1897, 460, quoted by Martin and Cherry, "The 
Antagonism between Toxines and Antitoxines," Proc. Roy, Soc., Ixiii., 
420, 1898. 

* Van de Velde, " Beitr. z. Kenntnis der antitox. Kraft d. antidiphth. 
Serums," CerUrcUhl. f. Baht, , xxii. , 527. 

'Camus, "Resistance aux temp, ^yv^es des vaccins dess^ch^es," Soc, 
Biol., 1., 235, 1898. 

*Spronck, "ChauflFage du serum antidiphth^rique," Ann. Past., xii., 
695, 1898. 

^ Palmirski and Orlowski, Medycyna, xxiii. ; Abst. in GentrcUM, /. Bakt. , 
xix., 916. 

" Mtiller, "Ueber d. Resistenz d. Diphtherieheilserums gegeniiber 
verschiedenen Einfllissen," CentroM.f. Bakt., xxiv., 251, 1898. 

7 Bujwid, ** Ueb. e. Methode d. Concentrat. d. diphth. Heils. mittelst 
Ausfrieren," CentralU.f. Bakt., xxii., 287, 1897. 

^ Marenghi, "Ueb. die segenseitiffe Wirkung des antidiphth. Serums 
und des Diphth. -Toxins," CentraXU.f. Bakt., xxii., 520, 1897. 
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Spronck^ asserts that antidiphtheritic serum that has been 
kept for twenty minutes at a temperature of 58" C. no longer 
possesses the property of producing the unpleasant erythema 
resembling urticaria, which is frequently the case with serum 
that has not been thus heated. 

It appears to be destroyed in the digestive tract. Bzierz- 
GOWSKi* found that immunisation could not be effected by 
introduction of the antitoxine per 08. Only in the case of rabbits 
could a slight absorption be observed after its introduction into 
the errvpiy stomach. 

Hydrochloric acid has a pai-ticularly injurious action, while 
neutralised pepsin and the pancreas and gall are fairly innocuous 
to it. Yet it is not absorbed by way of the intestine. 

There is no doubt, however, but that it must be- gradually 
destroyed under the influence of the digestive ferments, for ite 
resistance to the action of trypsin is not absolute. At all events. 
Pick {loc, cit.) found that the antitoxine was destroyed to a large 
extent (almost two-thirds), even after nine days' exposure to the 
digestive action of trypsin. 

It also disappears rapidly from the blood after subcutaneous 
injection, as was shown by Passini,* whose explanation is that a 
partial combination takes place within the tissues. 

BoMSTEiN* has studied the question of the survival of the 
antitoxine. After a single introduction of a quantity of the 
antidiphtheritic serum it rapidly disappears from the blood. 

It is not known what becomes of it, but it appears to be 
destroyed, for it is only during the first days that slight traces 
are present in the urine ; nor can it be detected with certainty 
in the organs. 

An interesting observation recorded by Mttrawjew^ is that the anti- 
serum is far from being inert, and that it produces somewhat serious 
injuries in the cells of the spinal cord of guinea-pigs. He, therefore, gives 
a warning against the use of too large doses at once. 

This, however, is doubtless to be attributed to the serum of the foreign 
species of animal, and not to the antitoxine, since normal serum also pro- 

1 Spronck, " Chaufl&ge du S^rum antidiphth.," Ann, Past., xii. , 697, 1898. 

^ I^ierzgowski, *'Die Bezieh. d. Verdauungsfermente zum Anti- 
diphtherieserum," Arch, d. Sciences Biol., viL, 337 ; Maly*s Jh., 1899, 957. 

» Passini, "Vers, fiber die Dauer d. antidiphth. Schutzimpfung," Wien. 
Uin. WocK 1896, 1111. 

^Bomstein, "Z. Frage der passiven Immunitat. bei Diphtherie,** 
CentralU.f. Baht., xxii., 687, 1897. 

*Murawjew, **Das Diphtherietoxin u. Antitoxin in ihrer Wechsel- 
wirkung auf das Nervensystem d. Meerschweinchens," i'\>rtocAr. (2. Med,, 
1898, 93, 
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duces similar injuries, although the results of my experiments contradict 
the conclusion of Linossier and Lemoine^ that even minute quantities of 
normal horse-serum produce serious illness (persistent albuminuria) in 
rabbits. 

Concentration of the Antitoxine. — Soon after the first active 
antitoxine sera had been prepared, experiments were begun with 
the object of isolating the antitoxine. 

At first these were concerned with the purely practical idea of 
preparing solid substances which had not lost the specific property 
of the antitoxine. For this purpose the usual method employed 
was simply to precipitate the antitoxine and the proteids of the 
serum simultaneously — e.g,^ by means of concentrated ammonium 
sulphate, and to dry these precipitates at a low temperature in 
vacuo. In this way fairly active, dry residual preparations of the 
antitoxine were obtained, and these, when shaken with very weak 
alkalies, yielded solutions of the antitoxine ranging up to several 
hundred times the strength of the original serum. 

Aronson,2 for example, proceeded as follows : — One hundred c.c. of the 
serum were diluted with 100 c.c. of water, and treated with 70 c.c of a 10 
per cent, solution of aluminium sulphate. Ammonia was then added in 
such quantity that the solution still remained slightly acid, and the result- 
ing precipitate was washed with 150 to 200 c. c. of cold water. It contained 
as much as 95 per cent, of antitoxine. Similar precipitates were produced 
by zinc sulphate and potassium ferrocyanide, and by iron chloride and 
ammonia. These precipitates were repeatedly shaken for long periods in a 
shaking apparatus with a hundredth part (calculated on the original serum) 
of very dilute alkali solutions, which just turned red litmus blue. 

BuJWiD^ freezes the serum, with the result that the water first 
separates as ice, leaving behind a turbid solution very rich in 
toxine. The crystals can then either be separated by **centri- 
fuging" or slowly thawed, in which process two layers are 
formed, so that the upper layer, containing pure water, can be 
withdrawn. Results quite analogous to these were simultan- 
eously obtained by Ernst, Coolidgb, and Cook.* 

Brieger and Boer^ found that precipitates of calcium phos- 

^ Linossier and Lemoine, *' Action nephrotoxique des inj. d. se'rums 
normaux," 8oc, Bid,, Iv., 615, 1903. 

' Aronson, **Weit. Unters. ttber Diphtheric," Berl, Jdin, Woch., 1894, 
425. 

* Bujwid, " Ueb. e. Methode z. Concentr. d. Diphtherieheils. mittelst 
Ausfrieren," CentrcUhLf. Bakt., xxii., 287. 

^ Ernst, Coolidge, and Cook, *'The £ffect of Freezing upon the Anti- 
diphtheritic Serum," J, Boston Med. Sac., ii., 166 ; Baumgarten'a Jh,, 1898, 
242. 

' Brieger and Boer, " Ueber Antitoxine wnd Toxine," Zeit, f. Hyg.y xxi., 
259, 
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phate or of the hydroxides of the heavy metals could not be 
used as means of isolating diphtheria antitoxina Moreover, the 
method employed by TissoNi for the isolation of his tetanus anti- 
toxine {q.v,) — viz., salting out with solid magnesium sulphate at 
30° C. — ^gave a yield of at most 60 per cent On the other hand, 
Bbieoer and Boer have obtained quantitative yields by the 
following method : — 

Ten C.C. of the immune serum are mixed with 10 o.c. of distilled water, 
and the mixture treated with 4 grms. of dry potassium chloride, and 4 to 6 
grms. of finely-powdered sodium chloride, and left for eighteen to twenty 
hours in an incubating oven, after which the precipitate is dissolved in 
water and dialysed. Frequently the precipitate agglomerates into nearly 
a solid mass on stirring with water, and no antitoxine is dissolved. In 
such cases it can only be extracted with weak alkalies. A more exact ex- 
planation of this anomaly cannot be given. After the residue has been 
dissolved, the solution is treated with an equal volume of finely-divided 
magnesium sulphate, and again left for two to three hours in the incubating 
oven, the result being that the antitoxine is quantitatively precipitatao. 
In this way they obteSned 0*2 grm. of active dry substance from 10 cc. of 
the serum. 

Briegeb and Boer have also endeavoured to concentrate the 
antitoxine by precipitation with the salts of heavy metals. Zinc 
salts proved to be ttie most suitable. 

The serum was diluted with hve times its volume of water and treated 
with twice the quantity of a 1 per cent, solution of zinc sulphate or zinc 
chloride, and the precipitate washed with water.; It was then dissolved in 
a 1^ N. solution of alkali hydroxide, and the zinc precipitated with 
carbon dioxide. These experiments showed that in the precipitation with 
zinc sulphate the antitoxine was precipitated with the zinc, while the zinc 
chloride remained in solution. The portion containing the antitoxine was 
dried in a desiccator, and it was found that the zinc albuminate was 
somewhat soluble in water, while the zinc antitoxine was insoluble. The 
latter was, therefore, again dissolved in alkali solution and the zinc once 
more precipitated with carbonic acid. It was not possible to effect by 
this means a complete separation of the antitoxine from the zinc. 

Brieoer and Ehrlich^ were the first to obtain active dry 
preparations from the milk of immunised animals by means of 
ammonium sulphate. They obtained one preparation which 
contained 14 per cent, of ammonium sulphate and was 400 to 
600 times as active as the original milk. 

Wassermann^ has modified this method to some extent, 
proceeding as follows : — 

^ Brieger and Boer, " Beitr. z Kenntn. d. Milch immuner Tiere," Zeit. /. 
Hyg,, xui., 336, 1893. 

'^ Wassermann, " Ueb. Concentrierung v. Antitoxin aus Miloh, Zeit, f. 
Hyg., xviii., 236, 1894. 
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The milk collected with aseptic precautions is treated with about 20 c.c. 
of N. -hydrochloric acid per litre, coagulated as rapidly as possible by 
means of rennet enzyme, and filtered from the separated paracasein. The 
whey is then thoroughly shaken with chloroform and allowed to stand, 
after which the supernatant liquid is decanted from the layer of chloroform 
charged with fat and bacterial cells. Each 6 litres of the whey is next 
treated with a calculated amount (determined by a preliminary experi- 
ment) of 30 to 33 per cent, ammonium sulphate solution, and the pre- 
cipitate dried on porous earthenware at 35° C. in vacuoj separated as 
completely as possible from eolid ammonium sulphate and dissolved in 
water to form a solution of the desired concentration. 

The experiments to obtain antitoxine preparations from the 
liquid serum have hitherto proved nearly worthless from the 
practical point of view, since at present it is preferred to 
immunise animals to such an extent that the serum of the 
animal itself contains so many antitoxic units per c.a as to 
render concentration superfluous. 

On the other hand, the scientific side of the question has been 
followed with equal interest, and attempts have been made to 
isolate the antitoxine as such as completely as possible and to 
determine whether it is to be considered as an individual sub- 
stance, and with which proteid of the serum it combines. In 
addition to this, experiments have been made to discover points 
of difference between ordinary serum and that containing anti- 
toxine. 

SzoNTAGH and Wellmann^ made a comparative examination 
of normal and antitoxic horse-serum. In neither did they detect 
any nucUo-alhumin, while the proportions of globulin and of ash 
and chlorine, and the specific gravity were the same in each. 
The only difference observed was that the antitoxic serum 
contained, on the average, about 0-25 per cent, more nitrogen 
than the normal serum; they rightly attribute, however, no 
special importance to this difference. On the other hand, they 
claim to have found that the therapeutic serum shows a decrease 
in the lowering of freezing point and in the electrical conduc- 
tivity, which are apparently proportional to the amount of 
antitoxine. 

Fbeund and Sternberg ^ have endeavoured to isolate the anti- 
toxine in as pure a state as possible by the following method : — 

The therapeutic serum was treated with alum and dialysed. No 
precipitate was produced in the dialysate by zinc salts. Nor was the 

^ Szontagh and Wellmann, " Vergleichende chem. Unters. tib. d. normale 
Pferdeserum und das Diphtherieheihierum,*' DetUach, med. Woch,, 1898, 421. 

^Freund and Sternberg, **Ueber Darstellung des HeilkSrpers aus d. 
Diphtherieheilserum," Zett.f. Hyg,, xxxi., 429, 1899. 
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antitoxine precipitated together with the zinc on the addition of alkali 
carbonate or phosphate, though it was carried down with the zine 
hydroocide on the addition of an alkali hydroxide. From this precipitate 
it could be extracted by means of an excess of very dilute alkali, of only 
sufficient strength to just colour phenolphthalein. A solution of baryta 
could not be used since it destroyed the antitoxine. Unsatisfactory 
results were also obtained with iron salts. The solution was then 
saturated at the ordinary temperature with magnesium sulphate, which 
precipitated the antitoxine quantitatively. After further extractions with 
alkali and dialysis the final product was dried in vacuo. 

Still better results were obtained by the following method : — The serum 
was first treated with a third of its volume of a 5 per cent, solution of 
alum. This precipitated the cUhumim, leaving the whole of the antitoxine 
in solution. The solution was then filtered and dialysed. The globtUina, 
and with them the antitoxine, were precipitated from the dialysate by 
semi-saturation with ammonium sulphate, and the precipitate washed 
with a semi-saturated solution of ammonium sulphate. Tne precipitate 
was then redissolved in water and the solution dialysed, concentrated 
in vacuo, and filtered. 

In this way they obtained from 500 c.c. of serum 9 grms. of a dry 
preparation in the form of a reddish-brown gelatinous mass. This dis- 
solved slowly in water (4*7 grms. in 16 c.c.) yielding a syrupy reddish- 
brown fluid, which readily became turbid and could only be filtered slowly. 
The filtrate contained the same proportion of antitoxine as the unfiltered 

E reparation. The addition of phenol was not injurious. The preparation 
ehaved like a globulin. 

Astros and Bietsch^ claim to have separated the antitoxine 
from the serum almost quantitatively. 

They diluted the therapeutic serum with four parts of water, and then 
added sufficient sodium chloride and potassium chloride to give a 20 per 
cent, solution, after which 0*5 per cent, of phenol was added, and the 
liquid left for twenty-four hours at 33" C. 

The theoretically important experiments of Pick may pos- 
sibly be also of practical importance. He showed that by 
saturating the liquid with ammonium sulphate, to the extent 
of about a third, a part of the globulins without any thera- 
peutic value was precipitated, whilst the active anti-bodies 
were separated when the degree of saturation reached 38 to 
46 per cent. By this means he effected a tenfold to fifteenfold 
concentration. We will deal presently with the significance of 
his work. 

Equally important, from the practical point of view, are the 
experiments of Proscher,^ who claims to have freed the anti- 
toxines from proteid admixtures by digestion with trypsin. 

* Astros and Rietsch, "Essais d'Extraction de Tantitox. diphth.," Soc, 
Biol., lii., 337, 1900. 
2 Proscher, German Patent, F. 13,756, June 6, 1902. 
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Especial interest attaches to the question whether the anti- 
toxine circulates as such in the blood, and, if so, whether it is 
a proteid or not, or whether it enters into combination with a 
definite proteid of the blood. This also involves the question 
whether its precipitation together with proteid substances is 
simply a mechanical carrying down, or whether the precipitation 
is due to chemical reactions of a specific nature. 

It is undoubtedly very probable, a prioriy that the antitoxine 
is a proteidy since according to the theory it is a constituent of 
the cell protoplasm. There is also absolutely no ground, as in 
the case of toxines, for regarding the antitoxine as an agency 
of enzymic character. On the contrary, it has absolutely no 
action by itself, either toodc or fermentative, and only enters 
into combination with the toxic ferment of bacteria, and it is 
a quite unwarranted generalisation to transfer the enzymic 
character of toxines to their antitoxines without further proof. 
The antitoxine lacks, to retain the graphic mode of representa- 
tion, every specific group with the exception of the haptophore 
group, and thus has neither a toxophore nor a zymophore group; 
it is indeed a haptine, but one that possesses only one, the 
haptophore, group. In point of fact, there are many reasons 
against the antitoxine being of an enzymic character. The 
only real argument in support of that view is the fact that it 
becomes inactive at 100" C, and that is surely not a sufficient 
reason. Against this, and in support of the view that it is a 
specific proteid, must be set the fact that it is not simply carried 
down mechanically, like the enzymes, but that it shows well- 
marked precipitation reactions. As has already been shown by 
Bbieger and Boeb (loc. dt), the antitoxine is only carried 
down, together with zinc carbonate, when it has previously 
been precipitated by means of zinc sulphate, and not when 
zinc chloride has been used for the purpose. In like manner 
Freund and Sternberg were able to demonstrate that the 
antitoxine was not precipitated simultaneously with the slight 
precipitates produced by alum in the serum, although these 
carried down all albumins. 

It would appear, then, that the antitoxine either actually 
enters into combination with one of the proteids of the blood, 
or we must assume that the particular proteid of which the 
antitoxine consists approximates so closely in its reactions to 
a proteid of the serum that it is very difficult to distinguish 
between them. 

Quite recently, however, Proscher (loc. ciL) has stated that 
be has prepared a diphtheria antitoxine which no longer shows 
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any proteid reactions at all. The further development of this 
question will be awaited with the greatest interest. The other 
question as to which of the serum proteids the antitoxine is 
combined with has been decided in favour of the glohvlina, 

Belfanti and Carbone ^ were the first to discover that the antitoxine 
was carried down with the globulins when they were precipitated by means 
of ammonium or magnesium sulphate, but not by acetic acid. The anti- 
toxine was also found by Smibnow^ in the globulin precipitate thrown 
down by magnesium sulphate. 

On the other hand, Dieudonn]^ ^ found that the globulins which he had 
precipitated by means of acetic acid and carbon dioxide were completely 
nactive. On dialysis, the separated globulins exhibited but little pro- 
tective power and that was mainly due to the filtrate. If, however, 
ma^esium sulphate were used for the precipitation the whole of the 
antitoxine remained in the precipitate. A very similar result was ob- 
tained in the case of the globulins of normal serum, which also had a 
slight antitoxic power. 

Again, Hiss and Atkinson,^ and also Atkinson,^ found that the anti- 
toxine could be quantitatively precipitated by magnesium sulphate, and 
that the immune serum yielded a more copious precipitate than normal 
serum. 

Ide and Lemaibe ^ assert that the antitoxine is precipitated by saturating 
its solution with ammonium sulphate to the extent of 28 to 44 per cent. 

These apparent contradictions as to the r61e of the globulins 
have been satisfactorily explained by Seng.^ He was able to 
show (as was also done simultaneously by Marcus ^) that there 
were two kinds of globulins in the therapeutic serum — viz., in- 
soluble globulins, which could be precipitated by acetic acid, 
carbon dioxide, dilution with water, and dialysis, and a second 
category, the soluble globulins, which could only be precipitated 

^ Belfanti and Carbone, " Contributo alia ConoBcenza dell'antitossina 
difterica," Arch, per le Scienze Med,, xxii., No. 2; abst. in CerUrcUbl, f, 
Baht., xxiii., 1898. 

2 Smimow, " Note sur la d^termin. du pouvoir antitoxique du s§rum 
antidiphth^rique," Arch, d. Science Biolog, de St, Petersbourg, iv., No. 3, 
1895. 

' Dieudonn^, " Ueb. Diphtheriegift neutralisier. Wirkg. der Serum- 
globuline," Arh, a, d. Kaiserl, Ge8,-Amt,, xiii., 293, 1897. 

* Hiss and Atkinson, " Serumglobulin and Diphtheria Antitoxine," J, of 
Exper. Med,, v., 47, 1901. 

* Atkinson, "The fractional precipitation of the globulins and albumins 
of normal horse serum and diphtheric antitoxic serum," J, of Exper, Med,, 
v., 67, 1901. 

^Ide and Lemaire, "Et. s. 1. repartition de I'antitoxine diphth., &c.,'* 
Arch, Intemat, d, Phxirmacodyn,, vi., 477. 

7 Seng, " Ueb. d. qual. u. quant. Verhaltnisse d. Eiweisskorper im Diph* 
therieheilserum," Zeit, f, Hyg,, xxxL, 513, 1899. 

* Marcus, ** Ueb. in Wasser losl. Serumglobulin," Z. f, phya, Ch., xxviii., 
559, 1899. 
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by the other reagents for globulins, especially ammonium and 
magnesium sulphates. The antitoxine combined exclusively 
with the latter class, and thus remained in the filtrate during 
the precipitation by dialysis, carbon dioxide, &c. This explains 
the contradictory results in the work of Belfanti and Caebone 
and of DiEUDONNfc. 

Seng proceeded as follows in the isolation of his ^^solvhle 
globuLina " : — 

The albumins (which do not combine with any antitoxine) are first 
separated by means of a 5 per cent, solution of alum. The filtrate is 
dialysed, and this causes the precipitation of slight quantities of the 
insdlMe globtUins, which are also free &om antitoxine and amount to 
^ to ^ of the total quantity of globulins present. This precipitate is 
collected and washed with water, and the nitrate ought not to become 
turbid on the dilution with a large volume of water, or give any reaction 
for sulphuric acid. The globulin is then precipitated by magnesium sul- 
phate at 30° C, or by semi-saturation with ammonium sulphate, and the 
precipitate redissolved and subjected to further treatment by the usual 
methods {vide supra). It contains somewhat more ash, notably aluminium 
salts, than the globulins precipitated directly from the serum by means of 
ammonium sulphate. 

The quantity of these soluble globulins, as compared with those 
of the normal serum, appears to have been somewhat increased 
at the cost of the insoluble globulins, but this cannot be demon- 
strated with certainty. 

Seng has also studied the very important question whether chemical 
differences can be observed between the soluble globulins of the therapeutic 
serum, as thus obtained, and those of normal serum separated in the same 
way. As was to be expected, he has not succeeded in coming to a definite 
conclusion, but it appears as though at least two important constants — 
viz., the specific rotcUton and the temperature of coagulation — are higher in 
the case of the antitoxine globulin than in that of normal globulin. Seng 
himself remarks, very justifiably, that the physiological bearing of all these 
factors is far too great to allow of distinct differences being observed be- 
tween the sera of different animals ; it would be necessary to examine the 
serum of one animal before^ during^ and after immunisation. Some definite 
result might then possibly be obtained. 

Meanwhile this question has received further thorough inves- 
tigation in a series of researches carried out by Hofmeister's 
pupils. 

It was found that three distinct kinds of globulins could be 
separated from the blood serum by fractional precipitation with 
ammonium sulphate. In the first "plax^y fibrinoglobulin is precipi- 
tated when the saturation with ammonium sulphate reached 21-5 
per cent, by volume ; then, according to Fuld and Spiro,^ Hof- 

* Fuld and Spiro, **Ueb. labende u. labhemmende Wirkung d. Blutes,'* 
Z.f phys. Ch,, xxxi., 132, 1900. 



102 TOXINES AND ANTITOXINES. 

meister's so-called eugldbvlins are precipitated when the degree of 
saturation reaches 28 to 36 per cent. ; whilst the paeudoglchvMns 
are deposited at a saturation of 36 to 44 per cent, by volume. 
The pseudoglobidina, which dissolve in water forming a clear 
solution, correspond to the ^^solvMe globuiins" of Marcus and 
Seng. 

PiCK^ was able to prove that neither the fibrinoglobulin, nor those pro- 
teids which were precipitated on the further addition of a saturated solution 
of ammonium sulphate (up to 36 per cent. ), possessed any antitoxic capacity 
when separated from the antidiphtheric serum of a horse. 

Only that portion which is precipitated at a greater degree of 
saturation (from 38 per cent, upwards) contains antitoxine. 

The aqueous solution of this substance gave only a slight turbidity when 
treated with a saturated solution of ammonium sulphate to the extent of 
36 per cent,, whereas at 38 per cent, there was a dense deposit containing 
a third to a fourth of the total quantity of antitoxine ; at 42 per cent, 
the precipitate contained as much as five-sixths ; and at 46 per cent, the 
whole amount of antitoxine. The filtrate, which now contained only 
serum albumin, had absolutely no protective power. 

Hence, in the case of the immune serum of the horse, the 
antitoxine is combined with the pseudoglohvlin. On the other 
hand, in the immune serum, of the goat, it is combined with the 
euglohulin, as is also the case with goats' milk in which the pro- 
tective substances are precipitated when the degree of saturation 
with ammonium sulphate reaches 27 to 30 per cent. 

We may again point out here that the euglobtdina are insoluble in water, 
and are therefore precipitated on dialysis ; this explains the great losses 
experienced by Wassebmann and Bbieoeb and Cohn in their attempts to 
concentrate the antitoxine in goats' milk by precipitation with ammonium 
sulphate and subsequent dialysis. 



TETANUS TOXINE. 

The specific spasm-producing poison formed in cultivations by 
Nicolaier's tetanus bacilli is not the only toxine of these micro- 
organisms. They produce, in addition to tetanus poison in the 
narrower sense, also another true toxine, tetanolysine, which has 
a solvent action on the blood-corpuscles, and with which we 
will deal presently, and possibly also other poisons not of the 
nature of toxines. Here our interest centres chiefly about the 
characteristic convulsion-producing poison, tetanospaamine. It is 
unquestionably a true toxine with haptophore and toxophore 

^ Pick, <*Z. Kenntnis d. Immunkorper," Hofm. Beitr, z. chem, Phya,, 
i., 1902 (reprint). 
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groups, and is closely related ix) diphtheria toodne in its main 
characteristics, and, like the latter, is very valuable for our 
theoretical conceptions. 

The specific convulsion-producing poison of tetanus was isolated 
at an early period from the cultivations by the same methods as 
were employed for diphtheria poison. Almost simultaneously 
KiTASATO and Wetl^ and Bbiegeb and Fbankel (loc. ciL) 
separated from cultivations their toxalbumin which they recog- 
nised as the specific poison, soluble in water. Fader ^ was the 
first to obtain, by filtration of not quite pure cultivations, an 
active poison, which he found even at that stage to possess the 
essential properties of tetanus toxine. 

The results of further investigations into tetanus toxine were 
then published by Tizzoni and Cattani,* Kitasato,* and by 
Vaillard 5 and his co-workers. 

The bacteria, when grown anaerobically on ordinary bouillon 
and on blood serum, produce very poisonous toxines. Particu- 
larly active solutions of poison were obtained by Vaillard and 
Vincent, when they first allowed a cultivation to grow for 
eighteen days on a culture medium and then filtered it. Fresh 
inoculation of this culture medium was fruitless, but by adding 
a certain amount of fresh nutrient liquid, a new growth of very 
active toxines was obtained. Vaillard subsequently employed 
a slightly alkaline bouillon containing some peptone ; Kitasato 
recommended that the culture medium should be freshly prepared 
on each occasion. Fermi and Pernossi® found that agar 
ctdtivationa were the most poisonous, especially so when grown 
in an atmosphere of nitrogen. 

Brieger and Cohn ^ found that the toxicity of the cultivations 
could be raised by adding to the culture media precipitates 
obtained by means of alcohol from old typhus cultivations or 

^ Kitasato and Weyl, '*Zur Kenntnis der Anaerobien," Zeit. f, Hyg.^ 
viii., 404, 1890. 

^Faber, "Die Pathogenese des Tetanus," BerL klin. Week,, 1890, 717. 

' Tizzoni and Cattani, '*Sur le poison du t^tanos," Arch, Ital, d, Bid.f 
xiv., 101, 1890. 

* Kitasato, "Exper. Unters. iiber das Tetanusgift," Zeit. f. Hyg., x., 
287, 1891. 

^Vaillard, "Sur Timmunitg contre le t^tanos," Soc, Biol,, xliii., 147, 
1891 ; Vaillard and Vincent, *'Contrib. a I'^tude du tgtanos," Ann. Past., 
v., I, 1891 ; Vaillard and Ronget, do., ibid., 385 ; Vaillard, '* Sur quelques 
points concemant rimmunit^ oontre le t^tanos," Ann. Poet., vi., 224, 1892. 

< Fermi and Pemossi, "Ueber das Tetanusgift," Zeit./. Hyg., xvi., 
385 1894. 

'Brieger and Cohn, «* Unters. tib. d. Tetanusgift," Zeit./. Hyg., xv., 1, 
1893. 
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from decomposed flesh. Wladimiroff ^ cultivated the bacilli in 
Erlenmeyer flasks in an atmosphere of hydrogen, and after seven 
days added to the culture medium 0*5 per cent, of phenol. He 
introduced the hydrogen through tubes, which passed through 
two openings in an india-rubber stopper, and the ends of these 
tubes were subsequently closed by fusion. Debband^ asserts 
that tetanus bacilli grow very well in symbiosis with B. siihtUia, 
and produce powerful toxines. In the case of these bacilli also 
it has been found that there is not invariably a parallelism 
between the amount of growth and the toxicity. 

RuppELL and Ransom • found that the freezing point of the 
bouillon was somewhat lowered on the production of toxine, 
which indicates a fresh formation of molecules; and, as the 
cultivation becomes weaker, the freezing point ought to be 
slightly raised again. 

UscHiNSKY * cultivated tetanus bacilli on a proteid-free medium of the 
following composition : — 

Water, 10000 

Glycerin, 30 to 40 

Sodium chloride, 5 „ 7 

Calcium ,, 0*1 

Magnesium sulphate, 0*2 to 0*4 

Dipotassium hydrogen phosphate, . . 2 „ 2*5 

Ammonium lactate, 6 ,, 7 

Sodium aspartate, 3*4 

preferably with the addition of 1 to 2 per cent, of grape sugar. The air 
was excluded by means of liquid paraffin. 

The usual means of sterilisation are employed, especially filtra- 
tion through a Chamberland filter, and heating to 60° C. 

Tetanus toxine is extraordinarily sensitive to physical and 
chemical influences. According to Behbing and Knobb^ it 
frequently loses very rapidly a considerable proportion of its 
toxic power on keeping; its toxicity is frequently reduced to 
a hundredth part of the original amount in a few days. 
, The atmospheric oxygen^ in particular, has a very injurious 

^ WladimiroflF, " Antitoxinerzeug. d. Tet.-Giftes," Zeit. f. Hyg,, xv., 405, 
1893. 

2 Debrand, " Sur un nouveau procM4 de culture du bacille du ttftanos," 
Ann. PaaLy xiv., 757, 1900. 

' Ruppel and Ransom, **Ueb. Molekularverhaltnisse von Tetanusgift- 
losungen," Z,f, phya, Ch,, xxvii., 109, 1899. 

* Uschinsky, "Ueber eine eiweissfreie Nahrlosung f. pathog. Bakt.," 
OentroUbLf, Bakt., xiv., 316, 1893. 

*^Behring and Enorr, "Ueb. den Immunisierungswert des Tetanus- 
heilserums," Zeit,/, Hyg., xiii., 407, 1893. 
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effect upon the toxine, so that when slowly filtered, for example, 
it is very rapidly weakened ; and this is especially the case with 
an alkaline solution and in the presence of light, which, by itself, 
is not very injurious. Kitasato found that sunlight destroyed 
the poison in fifteen to eighteen hours. Fermi and Pebnossi 
give the time as eight hours, and assert that in the dry condition 
or in benzene it is not affected by sunlight. 

A current of 0-5 amp. is stated by Fermi and Pernossi to 
destroy it in two hours, but alternating currents of high tension 
have no influence if heating be prevented (Marmier ^). 

It is very sensitive to the action of heat. According to 
Vaillard it is destroyed, for the most part, even at 65° 0., but 
not completely at 80° C. Kitasato asserts that it is destroyed 
at 60° C. in twenty minutes, at 55° C. in one and a half hours, 
and gradually destroyed at 35° to 37'' C. In particular, the 
addition of sodium chloride in the proportion of more than 5 per 
cent, causes the temperature of incubation to be rapidly injurious. 
In the dry condition the toxine is destroyed in thirty minutes at 
150° C; in amyl alcohol and benzene it can be heated for an 
hour at 80° C. (Fermi and Pernossi). According to Morax and 
Marie 2 it resists a temperature of 154° C. for about fifteen 
minutes. Alcohol destroys it (Tizzoni and Cattani). Phenol 
in the proportion of 0*6 per cent, is not injurious, and chloroform 
has little or no influence. 

Oases, such as carbon dioxide, carbon monoxide, hydrogen, 
and hydrogen sulphide, were found by Fermi and Pernossi to 
be without influence. 

According to Roux and Vaillard ^ oxidising substances, 
such as dilute potassium permanganate solution, are specially 
injurious, as is also carbon dioxide under pressure. 

Other acids are also injurious, tartaric acid to a very slight 
extent, whilst dilute lactic acid has a favourable influence 
(Brieger *). A comprehensive research on the influence of the 
most diverse substances has been made by Fermi and Pernossi 
(loc. ciL), 

Iodine trichloride has also an extremely injurious influence. 
The action of a dilute (1 : 500) solution of iodine is very char- 
acteristic. Even when only present in small quantities it 

^ Marmier, "Les toxines et r^lectricit^," Ann, Past,, x., 469, 1896. 

2 Morax and Marie, "Action de la Chaleur seche sur la tox. tet.," Ann, 
Past,, xvi., 418, 1902. 

'Roux and Yaillard, "Contrib. k T^tude du t^tanos," Ann, Past,, vii., 
65, 1893. 

* Brieger, "Weitere Erfahrungen iiber Bakteriengifte," Zeit, f, Hyg., 
xix., 101, 1895. 
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speedily renders the toxine non-poisonous, but leaves its im- 
munising properties uninjured. Very similar results were 
obtained by Ehbligh in experiments with carbon bisulphide. 
It can hardly be doubted that there is here a rapid destruction 
of the toxophore group with a survival of the haptophore group, 
or in other words b, formation of toxoid. Thymus extract appears 
to have a similar result upon the growth, according to Bbieger, 
KiTASATO, and Wassbrmann {he, dt.). 

It appears to offer great resistance to putrefaction; at aCll 
events, Symanski ^ found tetanus poison still present in decom- 
posing cadaveric remains after forty-eight days. There is, 
however, some reason for doubting whether this was true 
tetanus poison. 

Concentration of the Toxine. — Experiments with the object 
of isolating the active principle from tetanus cultivations were 
made at an early period. 

Bbieoeb and Fbankbl prepared a ^'toxalbumin" by the method de- 
scribed by them. Vaillabd obtained by evaporation of the solution of 
poison in vacuo a brown residue, which was insoluble in alcohol and could 
be slowly dialysed. 

TizzoNi and Cattani either simply dried the cultivations and 
then dialysed them, or treated them with ammonium sulphate, 
extracted the precipitate with water, and then used dialysis. 
Subsequent evaporation in vacuo then left solid toxines. 

Bbiegeb and Cohn ^ first treated the cultures with ammonium 
sulphate. The precipitate was dissolved in water and part of 
the proteids separated by means of very small quantities of basic 
lead acetate and ammonia. The liquid was filtered from the 
lead precipitate and salts, amino-acids and peptones removed 
by dialysis. In this way they obtained a slightly leevorotatory 
solution of the toxine, which was free from sulphur and gave no 
proteid reactions. They also prepared it from a proteid-free 
culture medium similar to that of TJschinsky (vide supra). 

Then Bbiegeb^ found that the poison could not be precipitated 
by means of ammonium sulphate from very toxic solutions which 
no longer contained albumoses. He endeavoured to effect a 
further purification by precipitation with uranium acetate and 
decomposition with metaphosphoric acid or lead acetate and 
obtained preparations that no longer gave the biuret reaction. 

^Symanski, " Sitzungsbericht," Deutsch, med, Woch,, 1901, 318. 

^Brieger and Cohn, ''Unters. ub. d. Tetanusgift," Zeit. f, Hyg,, xv., 
1, 1893. 

•*Brieger, "Weit. Erfahrung. iib. Bakteriengifte," Zeit, /. Hyg^t xix., 
101, 1895. 
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Brieger and Boer {loc, cit) also made further experiments to 
obtain purer preparations by means of the zinc method described 
in the section on diphtheria toxine, or they used ammonium 
sulphate for the precipitation, dissolved the precipitate and 
reprecipitated the toxine with an equal volume of a 0*5 per 
cent, solution of mercuric chloride. They then collected the 
precipitate on a filter, thoroughly washed it, and treated it with 
ammonium carbonate as previously described. Hayashi^ by a 
somewhat modified method (precipitation first with ammonium 
sulphate and then with zinc chloride) has obtained preparations 
which, in his opinion, no longer contained non-poisonous albu- 
moses. Hence, he concludes that since these preparations are 
invariably precipitated by ammonium sulphate and give the 
biuret and Millon's reactions, tetanus poison itself must be an 
albumose. 

Owing to the very poisonous effects which tetanus toxine, 
even in the smallest doses, has upon certain species of animals, 
special stress has been laid upon the analogy that exists between 
that toxine and the ferments. In point of fact there are many 
reasons in support of that view. Vaillard definitely terms it 
a ferment, and other authors, such as Tizzoni, Brieger, &c,y 
incline to this view, which as a matter of fact has only been 
opposed, and that not very strongly, by Fermi in his various 
published researches. In my opinion we are justified in con- 
cluding that there is a considerable analogy between the ioxines 
and also some other haptines and the ferments, and I have 
advocated this view in several places.* 

There is no doubt that rennet is a haptine, but, as regards the 
other ferments, there are no data for settling their precise affini- 
ties. But there is absolutely no justification for the assumption 
that tetanus toxine acts like a ferment in the sense of affecting 
the enzymic decomposition of substances, for tetanus toxine is 
only akin to a ferment in the modey and not in the acopej of its 
action. It does not effect the changes in starch, cane sugar, <fec., 
brought about by enzymes. It is true that Vaillard found a 
gelatin-liquefying enzyme in virulent cultivations, but many 
micro-organisms, pathogenic as well as non-pathogenic, produce 
similar proteolytic and other enzymes. 

Toxoids and Tozones. — The question of the presence of such 

^Hayashi, '*Ueber die ohemische Natur des Tetanustoxin," Arch. f. 
exp. Pathol.i xlvii., 9, and Chem. CerUrcUbl., i., 411, 1901. 

^Oppenheimer, "Toxine u. Schtttzstoffe," Bid, CentraM,, 1899, 799; 
tcf., Ferments and their Actions, London, 1901; id,, ^Zur Theorie der 
Fermentprozesse,'' Munch, med, Woch,, 1901. 
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non-poisonous haptines has as yet hardly been systematically 
investigated. The haptophore group appears to undergo a 
simultaiieous change during the extraordinarily rapid decrease 
in strength that occurs in fresh poisons ; but at the same time it 
has not yet been proved beyond doubt that there can be a diminu- 
tion in the toxic activity while the neutralisation value remains 
constant. All observers, however, have recorded differences 
between the direct and the indirect toxic value (».e., that required 
to neutralise a corresponding qxiantity of antitoxine), which point 
to the existence of non-poisonous haptines. 

Behrikg,^ in particular, has called attention to this fact. He 
found that in the case of fresh poisons the direct toxic value was 
the same as the indirect value (expressed in terms of yxnnr ^^ ^'^ 
antitoxine unit). Hence he named these ^^ equivalent poisons" 
On the other hand, in older cultivations he invariably found the 
direct toxic value was smaller — t.e., toxoids had obviously been 
formed, and had neutralised part of the antitoxine, so that it was 
necessary to add fewer toxic units to reach L^ than in the case of 
fresh poisons containing only toxine. Such poisons containing 
toxoids are well adapted for immunising purposes, as has been 
stated by Briegbb, and is easily explicable. The toxoids appear 
to have different toxic effects upon different animals ; at all 
events, the poison scale approximates very closely to that of the 
equivalent poisons (vide supra) in the case of certain species. 

The existence of toaxmes appears probable in the light of the 
experiments of Knorr,^ who found, for example, that on ap- 
proximate neutralisation with antitoxine (and therefore in the 
" differential zones ") an added quantity of poison had a consider- 
ably smaller toxic value than its corresponding direct toxic value, 
just as in the case of diphtheria poison far more than a lethal 
dose is required to convert the value Lq into L^.. He himself, 
however, appears to reject this conclusion, and to account for the 
fact in a d&erent way. 

Physiological Action of Tetanus Toxine. — Tetanospasmine 
varies very greatly in its action upon different species of 
animals, especially with subcutaneous injection. 

In the case of very susceptible animals, its toxic effect is 
astonishingly great when it is introduced subcutaneously in the 
usual way. Vaillard prepared a solution, 0-001 c.c. of which 
killed a guinea-pig. This dose contained about 0*000025 grm. of 

^ Behring, ** Ueber Tetanusgiftmodifikationen," Fortachr. d. Med,, xvii., 
501, 1899. 

^Enorr, ''Die Entstehong des Tetanus- Antitoxins/' jFVrtocAr. d, Med., 
1897, 667. 
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organic substance — i.e., only a very small trace of pure toxine. 
The organic matter required for a mouse was only 0*000000025 
grm. According to Briegeb and Cohn {loc. dt.), the lethal dose 
of a far from pure toxine was about O'OOOOOOS grm. for a mouse, 
and 0-00023 grm. for a man, but occasionally still more poisonous 
preparations have been obtained. The individual variations are 
also very great. According to Behring and Knorr, the certain 
lethal dose for a mouse is about six times as great as that which 
is just below that required to kill. Still greater, however, are 
the variations in the toxicity due to the susceptibility of the 
different species of animals. 

Knorr,^ in his paper on the subject, gives a scale of suscepti- 
bility to tetanus poison. He finds the horse to be the most 
susceptible animal. If we take the dose that kills 1 grm. of 
horse as unity, the amounts of poison required by the following 
animals are as follows : — 

grm, 



of guinea-pig, 


2 times as much 


goat, . 


4 


mouse. 


13 


rabbit, 


. 2,000 


hen, . 


. 200,000 



Behring^ gives the following scale for fresh poisons, which 
show no difference between the direct and indirect toxic value 
{equivalent poisons) : — 

One lethal dose for 1 grm. of mouse ( + Ms) kills 

12 grms. of horse. 
6 „ cuinea-pig. 
0*2 grm. ofgoat. 
y^ „ rabbit. 
toStf »i goose. 
■ffT^TT *i hen. 

The numbers thus agree fairly well. In the case of old 
poisons, in which, according to Behring, the direct toxic value 
( + Ms) is much smaller than the indirect value ( + ms) — i.e., the 
relative value for the quantity which, after neutralisation of t ooo 
antitoxine unit, is still lethal (y^jtu antitoxine units = 40,000 
Ms), are quite irregular. In like manner the ratios between the 
smallest dose that causes illness and the smallest fatal dose vary 
very greatly with the species of animal. 

^ Knorr, ** Das Tetanusgift und seine Beziehg. zum tier. Organismus," 
Munch, med. Woch,, 1898, 321, 362. 

^Behring, "Ueber Tetanusgiftmodifikationen," Fortschr, d. Med., 
xvii., 501, 1899. 
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The toxic effect is generally considerably increased when the 
poison is introduced by subdural or intercerebral injection. 
Thus, for example, the otherwise comparatively refractory hen 
can be poisoned fairly readily by the intercerebral injection of 
tetanus poison. We will deal with the probable cause of this on 
a later page. 

The phenomena on intravenaits injection are the normal ones, 
but the incubation period is somewhat longer. When introduced 
into the stomach tetanus poison is practically non-poisonous. 
Ransom^ concluded that it passed unchanged through the in- 
testines, and claimed to have found it again in the faeces. 
Cabbiebe, however, and numerous other investigators were 
unable to detect any toxine in the excreta after the introduction 
of large doses of toxine per os, Cabbi^jbe^ accordingly made 
experiments to determine where tetanus toxine becomes in- 
nocuous. He found that the poison was attacked even by the 
saliva diastase, that pepsin was less injurious, that trypsin had 
a considerable action upon it, and that bUe in large quantity 
completely destroyed it. He could not detect any influence of 
the intestinal mucous membrane and the intestinal bacteria upon 
the poison, although Febmi and Febnossi had found it to be 
very pronounced. Nencki and Schoumow-Simanowski ^ assert 
that the digestive fluids render it completely innocuous, and 
notably the bile in conjunction with the fluid from a pancreatic 
fistula, whilst trypsin alone has less effect, being less injurious 
than pepsin. Vincenzi,* on the other hand, states that normal 
bile has hardly any destructive influence, but that the bile of 
animals infected with tetanus has a slight effect under certain 
conditions ; thus, for example, death inevitably follows in three 
to four days when the bile is active. On the other hand, the 
poison is somewhat weakened by the oocydase of the leucocytes, 
and, according to Siebeb,^ is completely destroyed by the 
oxydase of the spleen. 

It is absorbed with great rapidity on subcutaneous injection. 

^ Baii9om, " Das Schicksal d. Tetanusgiftes nach seiner intestinal 
Einverleibung," Deutsch, med. Woch., 1898, 117. 

^Carrifere, "Toxines et digestion," Ann. Past.y xiii., 435, 1899 (gives a 
bibliography of the subject) ; cf, the General Part. 

8 Nencki and Schoumow-Simanowski, **Ueber die Entgiftung der Toxine 
durch die Verdauungsafte," CentrcM, /. Bakt,, xxiv., 84 ; cf, Dzierzgowski 
and Sieber, Archiv. dea Sciences Biol, de St, Peter ah, ^ viii. 

^Vincenzi, ''Ueb. antitoxische Eigenschaften der Galle tetanisierter 
Tiere," Deutach. med. Woch,, 1898, 634. 

* Sieber, "Ueb. d. Entgiftung der Toxine durch die Superoxyde, &c.," 
2r. /*. phi/8. Ch., xxxii, 673, 1901. 
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It has been established by numerous experiments that a rat into 
whose tail the toxine has been injected can no longer be saved 
by amputation of the tail even after two to three hours. 

At the same time tetanus poison shows an unmistakable 
period of incubation, Courmont and Doyon^ state that, in the 
case of guinea-pigs, the symptoms appear at the earliest after 
twelve hours, and in mice after six to eight hours. With 
medium doses the latent period for mice is two to three days ; 
for guinea-pigs, two days; rabbits, two to four days; the ass, 
four days ; and for the horse five days. In the case of man it 
fluctuates between one day and sixty days. The action is much 
more rapid after subdural injection (Blumenthal and Jacob 2), 
or intercerebral poisoning (Roux and. Borbel ^), as well as after 
direct injection into the spinal cord (Meyer and Ransom *). 

According to a table given by Meyer and Ransom the periods 
of incubation after subcutaneous injection are as follows : — 

Mouse, 8 to 12 hours. ^. 

Guinea-pig, 13 ,, 18 ,, 

Rabbit 18 „ 36 „ 

Cat, 28 „ 70 „ ^ - 

Dog, 36 „ 48 „ - 

Man, ^ days. 

Ass, 4 „ 

Horse, 5 „ 

Hence it increases with the size of the body, and thus stands 
in relationship to the slowness with which the poison is diffused 
(vide infra). 

The incubation period becomes smaller witii the increase of 
the dose, but not proportionally so, and still occurs even after 
the largest doses. In the case of mice it never falls below eight 
hours. Thus, in one series of experiments, the incubation 
periods for mice were as follows : — 

Lethal Doses Hours. 

13, 36 

100, 24 

333, 20 

1,300, 14 

3,600, .... . . . 12 

^ Courmont and Doyon, vide mipra, 

^ Blumenthal and /acob, "Zur Serum therapie des Tetanus," Berl. Hin, 
Woch.y 1898, 1079. 

8 Roux and Borrel, "T^tanos c^r^bral," Ann. Past., xii., 1898. 

* Meyer and Ransom, **Unters. ub. d. Tetanus," Arch. exp. Path., 
xlvi., 369, 1903. 
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Tetanus poison is therefore rapidly absorbed without at once 
manifesting its activity. Yet, even a short time after inocula- 
tion, free toxine can no longer be detected in the organism of 
susceptible animals. On the contrary, it has, for the most part, 
"entered into combination with the receptors. Only in the blood, 
and, to a less extent, in the lymph, can toxine be detected after 
the injection (Ransom i), and in the case of the lymph for an 
hour afterwards at most. 

With these exceptions it cannot be found in any of the organs 
or secretions (Marie*). Brusschettini ^ alone claims to have 
detected it in the kidneys, whence, according to him, it is ex- 
creted. In like manner it has been found by various observers 
in the urine. Brunner* detected it in the urine of animals 
used in experiments, but not in that of infected men, and his 
results were confirmed by Beheing.* Kartulis® could only 
find it in the urine when very large doses had been given. It is 
usually vainly sought in the urine of men suffering from tetanus, 
though VuLPiNS 7 found the urine left in the bladder after death 
so poisonous that 2 c.c. rapidly infected a guinea-pig. 

In the case of refractory animals the toxine /circulates for 
a long time in the blood, as we have described in the General 
Part, without entering into combination with the organs, until 
eventually it slowly disappears. 

In addition to its effect upon the central nervous system, 
which is the absolutely dominating symptom of tetanus poison- 
ing, and with which we deal at length below, tetanospasmine 
also produces certain general symptoms, which can only be briefly 
mentioned, since it can be no part of our task to give a complete 
description of the pathology of tetanus. 

The pressure of the blood remains unchanged, as has been 
found by Hans Meyee and Halsby,^ contrary to the results 
of former investigators, and in this respect the symptoms differ 
from those of strychnine poisoning which is otherwise so similar. 

^ Ransom, " Die Lymphe nach intravenoser Inj. von T.-T.," Z,/, phys* 
Ch., xxix., 349, 1900. 
^ Marie, **Reoh. s. 1. toxine tetanique," Ann. PaM,^ xi., 691, 1897. 
' Brusschettini, quoting from Brunner, loc, dt, 

* Brunner, "Klin, und exp. Stud. lib. Tet.," Beitr. z. Hin. Chirurg.y ix. 
to xii., 1892-4. 

^ Behring, <*Die Blutserumtherapie," iii., 54, Leipzig, 1892. 

* Kajiiuhs," Unters. liber das Verhalten des Tet.-Giftes im Korper," 
Di88., Berlin, 1892 (Dec.) 

7 Vulpins, **Ueb. einen Fall von Wundstarrkrampf m. Tiervers.," 
Deutach, med. Woch,, 1893, 992. 

8 Hans Meyer and Halsey, "Tetanusstudien," Festschr. f. Jaffii, Bruns- 
wick, 1901. 
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Eventually, infected animals show a marked reduction in tem- 
perature and severe inanition before death (Habnack and 

HOCHHEIM 1). 

Effect upon the Central Nervous System With the exception 

of these few pronounced general symptoms, tetanus and also 
the completely identical poisoning with tetanospasmine are 
characterised in the case of most animals by the predominance 
of symptoms due to an aflfection of the central nervous system. 
It would appear then that the receptors which combine with the 
poison and thus initiate the disease only occur in the nervous 
system. There are only a few facts that have been urged against 
the view that this is the only point of attack for the poison. 
Thus Vaillard, using very small doses of toxine, claims to have 
observed local poisoning of the neighbouring muamlar tissue. 
The rabbit also occupies an exceptional position, since under 
certain conditions the poison can be fixed in other ways to an 
overwhelming extent, so that the animal dies of ^^ tetanus sine 
tetano" (Donitz). This is a particularly striking instance of 
the observation that has frequently been made, that the poison 
can combine with receptors situated in organs of little vital 
importance, so that the fixation of the poison does not lead to 
any predominating symptoms of illness. We shall return to 
this phenomenon presently. 

The direct symptoms, the combination of the poison with the 
substance of the central nervous system, were first observed by 
Shakespeare* and Verhoogen and Baert,* who poisoned 
animals by the subdural injection of material from the central 
nervous system of tetanised animals. 

Besbedka ^ in repeating this experiment left the normal brain 
substance of a guinea-pig in contact with a large quantity of 
toxine for a considerable time (up to six days) in an ice chest, 
and then removed the excess of free toxine by careful washing. 
He was able to produce tetanus in mice by means of this 
substance. 

Pasquini^ also found the central nervous system to be 
poisonous. 

^Hamack and Hochheim, ''Ueb. Wirkg. d. Briegerschen Tet.-G.," 
Z.f, klin, Med., xxv., 46, 1894. 

^Shakespeare, ** Preliminary report on exper. researches concerning the 
infectious nature of traumatic tetanus," CentralhLf, Bakt,, ii., 541, 1887. 

' Verhoogen and Baert, "Premieres recherches sur la nature du t^tanos," 
Baumg. JcUiresher., 1890, 198. 

^Besredka, **De la fixation de la tox. t^t. par le cerveau," Ann, Past., 
xvii., 138, 1903. 

* Pasquini, " Sulla presenza del veneno tetanico negli organi," Bif. Med., 
1902, 22, 23 5 Abst. in Centraihl. f, Bakt., xxxi., 117. 

8 
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GoLr>scHEiDEB and Flatau,! JoukoWsky,2 and others have 
succeeded in demonstrating directly under the microscope the 
action of tetanus toxine upon the ganglionic cells, especially 
those of the anterior comua. Particularly vigorous discussion 
has taken place on the question whether the nervous system is 
the only point of attack for the poison ; and also whether it is 
only the central nervous system that is attacked. 

The question appears to have been decided with certainty by 
the investigations of Gumprecht^ in favour of the view that 
the central nervous system, and above all the spinal cord, is 
exclusively attacked by the poison, and that the symptoms else- 
where are to be attributed to these primary ones. Coubmont 
and DoYON* conclude that the whole of the sensory nev/ran is 
liable to the primary attack. 

The statem^it that the poison attacks primarily only the 
central nervous system is apparently not easy to reconcile with 
the fact of " local tetantis" The two can only be brought into 
agreement by the assumption that there is a direct transmission 
of the poison in the nerves from the point of infection to the 
spinal cord. This conclusion was first drawn by Brusschettini^ 
who was himself able to detect the poison in the nervous system, 
whereas other blood-free organs, including the muscles at the 
point of infection did not contain it. 

This view has recently received support from the particularly 
comprehensive experiments of Hans Meyer and Ransom.^ Their 
results were as follows: — ^After subcutaneous inoculation with 
tetanus toxine the poison could be detected in the nerve. This 
most important result was simultaneously confirmed by Marie 
and MoRAX ^ who found the poison in the sciatic nerve of one 
infected leg, and also in the other after the occurrence of general 
tetanus ; it was also found, in particular, in the masseteric nerve 
but not in the optic nerve, which is indeed an integral portion 
of the brain. 

^ Goldscheider and Flatau, **Ueber die Ziele der modernen Nervenzel- 
lenforschung," DetUsch. med. Woch., 1898, 165. 

2 Joukowsky, **De Tinfluence de la toxine t^tan. sur le system nerveux," 
Ann, Past, xiv., 464, 1900. 

'Gumprecht, "Zur pathol. d. Tetanus," DetUsch. med, Woch,, 1894, 
646; /a., **Vers. tiber d. physiol. Wirkg. des Tetanusgiftes," Pfliigera 
Arch,, lix., 105 (Bibliography), 1895. 

* Courmont and Doyon, " Le T^tanos," Paris, BaillUre, 1899. 

^ Brusschettini, Bif, Med,, 1892, quoted from Brunner. 

•Hans Meyer and Ransom, "Unters. iib. d. Tetanus," Arch, exp. Path,, 
xlix., 369, 1903. 

''Marie and Morax, "Rech. sur I'absorption de la tox. t^t.,"^nw. Past., 
xvi., 818, 1902; xvii., 335, 1903. 
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The motor, sensory, and sympathetic nerves are equally suit- 
able for the attack, according to Morax and Marie, although 
according to Meyer and Ransom the normal axis cylinder is the 
exclusive conveyor of the poison, which reaches it only by way 
of the nerve end plates on the muscle and not through the blood. 
The poison is only distributed in a centripetal direction. Meyer 
and Ransom also found that, in addition to severance of the 
nerves, injection of antitoadne into them prevented the poison 
from reaching the spinal cord. This happened with certainty in 
local (subcutaneous) poisoning, and sometimes also after intra- 
venous injection. The centres belonging to the protected nerves 
remain free, while the animal suffers from general tetanus. 
Even in the spinal cord itself severance can prevent the further 
distribution of the poison. In the case of animals thus treated 
no poisoning of the brain occurred ; they lay for three weeks in 
a continuous tetanic state and eventually died apparently from 
exhaustion. The direct transmission of the poison by way of 
the nerves appears the more probable from the fact that when 
directly injected into the nerves its action is much more intense 
(about ten times as much). In these experiments any quantities 
of poison which might possibly have passed into the lymph 
glands or blood on injection, were in each case neutralised by 
large quantities of antitoxine. The period of incubation is 
considerably shortened, and if the injection is made directly 
into the lumbar cord it is reduced to a few hours, as had already 
been shown by the experiments of Roux and Borrel* on 
tetanus in the head. The variations in the length of the 
incubation periods {vide supra) are explained by the slow trans- 
mission through the nerves. 

It follows from these experiments that the poison is first 
transmitted exclusively by the nerves themselves to the centres 
of the spinal cord, and that the specific symptoms are produced 
by these. If the poison attacks only the sensory centres, there 
results a simple tetanus dolorosus without convulsions. It also 
results from this strict differentiation that the poison does rwt 
reach the spinal cord by way of the blood or lymph channels. 
Under normal conditions the poison only reaches the motor 
ganglia . by way of the motor neuron, and produces there a 
condition of over-excitahility towards the usually latent stimuli 
which proceed from the sensory neurons. This is not the place 
to go further into the theory of tetanus itself. 

The usual point of attack of tetanus poison, and so of the 
disease, is thus the spinal cord. But it is not exclusively the 

1 Roux and Borrel, " T^tanos Cerebral," Ann, Past,, xii., 225, 1898. 
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spinal cord that offers suitable haptophore groups for tetanus 
toxine. Roux and Bobrel (loc, cit,)y for example, were able to 
prove that, on subdural introduction of the poison, the poison 
combined exclusively with the brain ceUa and produced cerebral 
tetanus. And, lastly, the experiments of Donitz^ on rabbits 
and of Miyamoto 2 show that, under certain conditions, the 
poison can be fixed so rapidly by haptophore cells, other than 
those of the central nervous system, that the animal dies 
without spasms from a **tetami8 sine tetano,*^ In the case of 
rabbits this fixation of the poison in the less vitally important 
organs, which withdraw it from the central nervous system, 
undoubtedly partially accounts for their smaller susceptibility. 
At any rate, Roux and Borrel were able to poison rabbits 
much more readily by intercerebral injection, in which the 
poison comes into direct contact with the central nervous 
system, than by subcutaneous injection, which was not the 
case with guinea-pigs. Even the hen^ so little susceptible in 
other respects, can be poisoned by intercerebral injection. 
Under certain conditions, which are still imperfectly known, 
many poisons (Miyamoto employed a very old preparation) 
appear to lose their predominating affinity for the central 
nervous system. It is surely not unjustifiable to assume, pro- 
visionally, that in this case substances have been formed from 
the original toxine which are undoubtedly still poisonous, but 
have lost their characteristic action upon the central nervous 
system, there being possibly a formation of toxoids of a special 
kind. On the other hand, in the case of refractory animals — 
e,g,y alligators — and also in that of hens, which are not completely 
refractory, Metschnikopf {vide infra) observed a slight forma- 
tion of antitoxine without preliminary symptoms of illness, 
which surely points to a combination with distributed indi- 
vidual receptors. 

The conclusion drawn from the study of the symptoms of 
the disease — viz., that the tetanus poison combines with the 
substance of the central nervous system, could also be confirmed 
experimentally. 

It was also shown, simultaneously, by Wassermann and 
Takaki 8 and by Ransom,* that an emulsion of the fresh brain 

1 Donitz, **Ueber das Tetanusantitoxin,*' Deutsch, med. Woch., 1897, 428. 

2 Miyamoto, "Beitrage zur Tetanusvergiftung," Deutach, med. Woch., 
1900, 479. 

'Wassermann and Takaki, ''Ueber tetanusantitoxische Eigenschaften 
des Centralnervensy stems," BerL klin, Woch.y 1898, 6; Wassermann, 
** Weiterere Mitt, iiber Seitenkettenimmunltat," t6td, 209. 

* Ransom, quoted by Behring, Deutsch, med, Wock. , 1898, 68. 
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of a guinea-pig could combine with and render non-poisonous 
a certain quantity of tetanus toxine. It is true that this power 
of combination is not very considerable ; according to Paltauf^ 
1 c.c. of the emulsion can combine with 100 lethal doses at 
most — a point which must not be overlooked in attempting to 
come to a correct conclusion about this question. 

It is the cells of the brain that enter into combination, as was 
shown by Blumenthal* and Milchnkr,^ who found that the 
liquid was free from toxine after being subjected to centrifugal 
force. 

Ransom,* too, was able to show that on injection of tetanus 
poison into the subarachnoid space the nerve substance combines 
with more poison than can be accounted for by the blood that 
it contains, but that the combination is not absolute, for a part 
of the toxine passes into the circulatory system even in this 
method of injection. On the other hand, Meyer, like Blumen- 
THAL and Jacob ^ before him and Schulze,^ found the cerebro- 
spinal fluid to he free from toxine. 

Wassermann regarded the results of this experiment as a 
confirmation of the side-chain theory. The receptors that are 
capable of combining with the poison in the brain substance, 
and also in the living brain, are the same that circulate in the 
blood as free receptors, so that Wassermann is right in forming 
his conception of side-chain immunity from these experiments. 

Objections have been raised on various sides, and notably by 
the school of Metschnikofp ^ and by Behring and Kitashima,^ 
against the conclusions drawn from Wassermann's experiments. 
It would take us too far from our theme to deal thoroughly with 
the whole subject in dispute ; and so I will content myself with 

^ Paltauf, "Diskussion zu dem Vortrag von Grueber," Wien, Uin, Woch,, 
1901, 51. 

2 Blumenthal, ** Ueber die Verandergungen des Tetanusgiftes im Tier- 
korper," Deutsch. med, Woch,, 1898, 186. 

^ Milchner, "Nachweis der chemischen Bindung von T. -G. durch Nerven- 
substanz/* BerL Uin, Woch,, 1898, 369. 

^ Ransom, '* Die Injektion von Tetanustoxin bezw. Antitoxin in den 
Bubarachnoidalen Baum," Z,f. phys, Chem., xxxi., 282, 1900-01. 

^ Blumenthal and Jacob, ''Zur Serumtherapie des Tetanus,'* Berl, Uin, 
Woch,, 1898, 1079. 

•^ Schultze, " Spinalpunktion u. Einspritz. v. Antitoxinserum bei Tet. 
traumaticus,'* Mut, Orenzgeh, d, Med, u, Chir,, v., 169, 1900. 

' Metschnikofif, Immumtdty German ed. by Meyer, Jena, 1902. Also, 
Metschnikofif, ** Influence de I'organisme sur les toxines," An7i, PasLy id,, 
801, 1897; xii., 81, 1898. Marie, "Propriete antit^tanique des centres 
nerveux.,*' ihid., xii., 91, 1898. Besredka, "De la fixation de la toxine 
t6t.," ibid,, xvii., 139, 1903. 

8 Behring, AUg. Ther. d. Infela,-Kr., i., ! 
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calling attention to the work of Marx,^ who has resurveyed the 
whole ground. 

Marx has found, by over 200 experiments on mice, that the 
antitoxic action of the brain is of such a nature that it is merely 
supplemented by the addition of serum, and that the action of 
the brain does not, as was found by Kitashima (loc. cit) in ex- 
periments with very large amounts of toxine, destroy the action 
of the antitoxine. 

Marx thus confirms Wassermann's view that the combined 
receptors of the brain act qualitatively and quantitatively in a 
completely analogous manner to the free receptors that are 
present in the antitoxine serum. 

And this affords a fresh support of Ehrlich's view that 
the poison can only combine with suitable receptors, and that 
these receptors, when broken off, have a neutralising effect upon 
the poison, although they promote its action when acting in 
conjunction with living cells. 

It is impossible to see the force of the objection first brought 
against these experiments — viz., that the brain of animals, such 
as hens, &c., that are only slightly susceptible, has no protective 
action — for it is self-evident to anyone who bases his conclusions 
on the fundamental axioms of Ehrlich's theory, that only such 
nerve substance as actually combines with the tetanus toxine — 
t.e., possesses suitable haptophore groups — can exert a protective 
influence j and such haptophore groups are evidently only present 
in the brains, &c., of these animals, which indeed are not refrac- 
tory, not naturally immune to tetanus. It is thus one of the 
most striking results of Ehrlich's theory that it at once throws 
a clear light upon the formerly so inscrutable problem of natural 
immunity. Both infection and the relative formation of anti- 
bodies can only take place where there is a reciprocal combination 
of haptophore groups. Where these are lacking there can be 
absolutely no infection or neutralisation of the poison. 

Indeed, the central nervous system is not the exclusive place 
where the antitoxine can be produced. As we have mentioned 
above, receptors that can combine with the poison also occur in 
other places where the fixation of the poison does not lead to 
any injurious effects — e.g,y in the connective tissue, &c. But 
wherever receptors are present, thercy too, can the formation of 
antitoxine take place. The production of antitoxine is a function 
of the haptophore group, and has absolutely nothing to do with 
the action of the poison as such. Thus, according to Ehrlich 

^Marx, ««Die Tet.-G. neutralis. Eigensoh. d. Gehbma," Zeit, /. Hyg., 
xl., 231, 1902. 
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and Wassermann, the central nervous system has a protective 
influence, not because it offers a point of attack for the toxophore 
group, but because it contains receptors, which may also be 
present in other tissues. 

Against this view Metschnikoff raised the objection that 
even the brain oi frogs has absolutely no protective influence. 
Although frogs are absolutely insusceptible to tetanus in the 
cold, yet when warmed above 20° C. they are extremely sus- 
ceptible, as is also the case to a less extent with other amphibia 
and reptiles, and also with marmots (Billinger i), which do not 
die during hibernation (i.e., when tneir temperature is lower), 
but only after they wake from their sleep. Ba.ts, too, when kept 
cold, exhibit considerable resistance so long as they^sleep (Meyer 
and Halsby, loc, cit). Now the brain of the frog does not 
combine with, or show any protective influence against, tetanus 
toxine, and no antitoxine ever appears in the body of the frog 
when poisoned with tetanus. Although this assertion is doubt- 
less correct, and although the process of the breaking off and free 
movement of the haptophore groups has as yet been but little 
explained, yet the interpretation given by Metschnikoff of this 
phenomenon — viz., that the central nervous system of the frog 
does not combine in the slightest degree with tetanus toxine — 
is certainly not correct. Morgenroth,^ in a very interesting 
research, was able to demonstrate that tetanus poison, even in 
the cold, does unquestionably combine, although slowly, with the 
central nervous system of the frog, but that the toxophore group 
is inactive. On raising the temperature, however, it immediately 
begins to act. 

The combination of the toxine with the central nervous system 
takes place very rapidly after its injection into the circulatory 
system. Degrolt and Konsse^ showed that in the case of 
rabbits the blood was not poisonous even one minute after the 
intravenous injection of a lethal dose of tetanus poison. Such is 
the rapidity with which the toxine disappears from the blood.* 

1 Billinger, ** Winterschlaf und Infektion," Wien. Jdin. Woch., 1896, 769. 

2 Morgenroth, ** Zur Kenntnis des Tetanus des Frosches," Arch, Inter* 
ncU, d. Phamuicodynamie, viii., 255, 1900 (reprint). 

• Decroly and Ronsse, "Pouvoir toxique et antitoxique du Sang, &c.," 
Arch. IrUemat, de Pharmacodyn., vi., 211, 1899. 

^ Donitz {vide supra), of course, assumes that in the case of rabbits 
receptors are also present in other organs, and that this accounts for the 
extraordinarily rapid disappearance of the toxine. In the case of suinea- 
pigs and mice it circulates longer in the blood. I have already had 
frequent opportunities of calling attention to the importance ot such 
distributed receptors. 



120 TOXINES AND ANTITOXINES. 

Now, very important consequences follow from this extraordin- 
arily great affinity of the toxine for the nervous system. Thus 
it is easy to render tetanus poison harmless by means of anti- 
bodies before it enters the nerve tracks, but much more difficult 
to break up the compound when once formed, to separate the 
toxine from the receptor, to cwre the tetanus. With every hour 
the combination becomes more stable, and the activity of the 
serum less. It has been shown by Donitz ^ how rapidly this in- 
jurious result takes place. The same quantity of antitoxine, 
which, when simultaneously injected, protected a rabbit from 
a quadruple lethal dose, was absolutely unavailing when injected 
four minutes after the toxine (intravenous injection being used 
in each case). After one hour as much as 40 times the amount 
of antitoxine was necessary. After five hours even huge doses, 
such as 600 times the single effective dose, were useless. Mor- 
GENBOTH, to his disappointment, found that the serum failed 
in its action in an exactly analogous manner in the case of frogs, 
although more slowly. In the therapeutic treatment of men it 
has frequently been observed that after the occurrence of the 
characteristic symptoms of tetanus — i.e., after the lapse of the in- 
cubation period — even huge doses of immune serum are usually 
of no avail. 

I have only dealt with this question to this extent, and the 
further discussion of it does not concern us here, because, on 
these facts, taken in conjunction with the occurrence of a longer 
or shorter incubation period {vide supra), attempts have been 
made to base conclusions as to the alterations in tetanus poison 
even in the human system. 

Thus certain authors (e,g,, Courmont and Doyon^) have 
assumed that the poison that eventually produces the outbreak 
of tetanus is not the primary toxine of the cultivations. The 
latter is asserted to act only as a ferment, which, under suitable 
conditions, decomposes the protoplasm of the attacked cell with 
the formation of the irtie tetanus poison, which can then produce 
its poisonous effects without a period of incubation. In reply to 
the arguments urged by these authors in support of their view, 
the following remarks may be made : — ^As regards the period of 

1 Donitz, "Ueber das Tetonusantitoxin," DetUsch. med. Woch,, 1897, 
428. 

^ Courmont and Doyon, inter alios. — (a) '< Mecanisme de production des 
contractures du t^tanos," Arch, de Phya., 1893, 64; (6) *'!& substance 
toxique qui ensendre le t^tanos," Sem, Med,y 1893, 122 ; (c) '* Du t6t de la 
grenouille, tftid., 1893, 302; {d) "De la produc. d. t. chez la poule," ibid., 
1893, 486. See also their papers already quoted, and their work Le 
Tetanoa, Paris, 1899. (For other investigations aee Blumenthal, loc, cit,) 
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inclination it is assumed that the true poison is produced during 
this period, and that until then there is no action. This compli- 
cated view is not necessary, for the mode of action of the poison 
is at least as satisfactorily accounted for by the slow action of 
the toxophore groups and by the diflFerent degrees of slowness in 
the distribution of the poison in the nerve tracks as found by 
Meyer and Ransom {vide supra), A further point against their 
view is that the period of incubation becomes shorter in pro- 
portion to the amount of toxine introduced into the animal, 
although, as is the case with every toxine, there is a limit to this 
reduction of the incubation period by larger doses. 

Again, the complicated behaviour of the incubation period in 
the case of the frog, which has been brought forward as a special 
argument in support of this view can be explained more simply. 

MoRGENROTH was able to prove that on warming the animal 
there was at first only a very rapid and firm combination of the 
toxine, but no poisoning. If the frog, after being kept at 32° C. 
for twenty-four hours, was then again placed in the ice chest, 
it remained permanently well, although if again exposed to a 
temperature of 32° C. it died after an incubation period that was 
shortened by twenty-fov/r Iwurs^ notwithstanding the injection of 
enormous quantities of antitoxine. If, as Courmont and Doyon 
assume, a secondary change in the poison were produced by the 
warming, the frog would not remain permanently well even in 
the ice chest. The heat has here only promoted the formation 
of an extremely stable combination, and this requires further 
warming before it causes death by the action of tiie toxophore 
group. The fact that after combination has taken place the 
antitoxine is more or less completely ineffective has been put 
forward as of special significance in support of the theory of 
the secondary poison, but in my opinion this is far from being 
the case. The predominance of the antitoxine circulating in the 
blood over the toxine, which it prevents from combining with 
the central nervous system is solely due to the fact that it does 
so circulate in the blood and thus immediately seizes upon the 
toxine when introduced into the circulatory system and mechani- 
cally wards it off from the threatened tissues, and not to its 
possessing any greater affinity for the toxine. It has but little 
power of breaking up the combination between the nerve cell 
and the toxine when once formed, and it does so only by mass 
action when very large doses of antitoxine have been used. 
It is thus obvious that the antitoxine must be ineffective if 
introduced some time after the poisoning, and much more so 
when only applied after the appearance of the symptoms, and 
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there is absolutely no need for us to assume the existence of a 
new poison without affinity for the antitoxine. Nor can the 
theory derive any greater support from the fact that the brain 
of animals that have died of tetanus can still combine with the 
poison. 

But if these considerations do not altogether explain the want 
of influence of the antitoxine upon the toxine after the lapse of 
a certain time, the discovery by Meter and Ransom (Zoc. cit) 
of the fact that tetanus antitoxine cannot follow the poison in its 
passage along the nerve tracks affords all that is still needed in 
explanation of this phenomenon. This fully accounts for the 
want of activity of the antitoxine, and there is no longer any 
need to call to our aid the hypothesis of a secondary poison. 
This hypothesis has not, however, as yet been thereby definitely 
disproved. 

An experimental proof brought forward by Couemont and 
DoYON in support of their view was the fact that the transfu- 
sion of blood from a dog suffering from tetanus into another 
immediately produced symptoms of tetanus in the latter. Keaus,^ 
too, succeeded in rapidly poisoning other mice with the blood 
serum from a mouse infected with tetanus, as had previously 
been done by Nissen.^ Here then, in their opinion, there 
was manifested the activity of the secondary poison. It was 
next claimed that this poison had been detected in animal 
organs. 

Blumenthal^ prepared from the organs of an animal that 
had died of tetanus, a poison which, in a dose of 0*35 c.c, caused 
death with tetanic symptoms in seventeen minutes without an 
incubation period, and was not rendered ineffective by the 
antitoxine. Buschke and Oeegel* have also succeeded in 
preparing a poison that acted instantaneously from the liver, 
spleen, and spinal cord of an animal that had died of tetanus, 
whilst Taubee ^ obtained a similar preparation in smaller quan- 
tity from the spinal cord, brain, and liver. Such reputed dis- 

^Kraus, *'Beitrag zur Klinik des Tetanus," Z, /. Uin, Med,, xxxvii., 
247, 1899. 

^Nissen, "Ueb. den Nachweis von Toxin im Blut, &c.," Deutsch, med, 
Woch., 1891, 776. 

'Blumenthal, "Weit. Beitr. z. Kenntn. des Tetanusgiftes," iT. /. Idin. 
Med., xxxii., 326, 1897; Id, **Ueber die Veranderungen des T.-G. im 
Tierkorper," Deutsch. med. Woch., 1893, 149. 

^Buschke and Oergel, "Beitrag zur Kenntnis des Tetanus," Deutsch, 
med. Woch., 1893, 149. 

^Tauber, <<Ein Beitr. z. Kenntnis d. Tetanus," Wien. Idin. Woch., 
1898, 747. 
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coveries of poison in the organs of dead animals must be received 
with great scepticism; it is impossible to know with absolute 
certainty what has actually been extracted and what kind of 
poisonous substances may have been formed during the process 
of disease with its alterations in the protoplasm — substances that 
may have absolutely no connection with tetanus toxine, and 
against which the antitoxine is powerless. Even Blumenthal 
himself, as also more recently Couemont and Doyon, now cite 
these discoveries with great caution, and leave it an open question 
how far this poison from the organs corresponds with the actual 
tetanus poison. Blumenthal regards it as a combination of the 
true poison with the cell substance. This cannot be proved, 
however, by such means. To recapitulate, Courmont's fermen- 
tation theory of tetanus toxine has not as yet been proved, and 
is as yet superfluous. Whether, notwithstanding, it is not 
correct has yet to be decided. But it is advisable not to obscure 
this extremely difficult field by additional hypotheses for which 
definite support is lacking. 

Tetanus Antitoxine.-^ The antitoxine of tetanus behaves 
towards its toxine in a manner essentially analogous to that of 
diphtheria — t.e., its antitoxic power can be shown to stand in 
certain definite relationships to the toxine. Both enter into 
combination with their toxines, and subsequent separation is 
impossible. The combination does not take place so rapidly, 
however, in the case of tetanus toxine, and hence, according to 
DoNiTZ,^ the test should not be applied until after forty-five 
minutes. Moreover, the degree of saturation depends upon the 
concentration ; the greater this is, the more rapid and complete 
the saturation, so that solutions of as nearly as possible equal 
concentration must be taken for the comparison. As regards the 
quantitative relationships the conditions are approximately the 
same as in the case of diphtheria. In this case, however, they 
have not been so fully elucidated, which is to be attributed, in 
the main, to the extraordinary instability of the toxine. The 
compound also appears to be much less stable, and sooner to 
attain conditions of equilibrium (on this point see the General 
Part). The serum can be preserved for a long time by the 
addition of 1 per cent, of chloroform or 0*6 per cent, of phenol if 
kept cold and in the dark. Alcohol and distilled water are 
harmless to it (Behrinq ^). 

Roux and Vaillard (loc, cit) were able to dry the cow's 

^ Donitz, BericJU ub, d. Thatigheit dea kgL Instituts /. 8erumfor8ch», dsc. 
Reprint from the Klin, Jcihrb,, 1899, vii. 
^ Behring, Die BltUserunUJterapief iii., Leipzig, 1892. 
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serum in a vacuum without loss, and when it was required for 
use dissolved the residue in six times its quantity of water. 

The milk of immunised animals also contains antitoxine. 
According to Briegeb and Oohn ^ it can be concentrated from 
the milk in the following manner : — 

The milk is first coagulated by means of rennet in an analogous manner 
to that used in the preparation of diphtheria antitoxine. The filtered 
whey is shaken with chloroform, allowed to stand, decanted, and then 
saturated with ammonium sulphate to the extent of 32 per cent. The 
precipitate is redissolved, a small amount of basic lead acetate added, and 
the new precipitate washed with water rendered very slightly alkaline. 
The filtrate and washings are now acUurated with ammonium sulphate, and 
the resulting precipitate mechanically freed from the excess of soUd 
ammonium sulphate by stirring it with pure chloroform. The salts fall 
to the bottom, while the light compound of the anti-bodies rises to the 
surface and is removed. In this way it was possible to concentrate the 
antitoxine to the extent of 300 to 400 times the strength of that originally 
present in the milk. A still further purification of the antitoxine can be 
efiected by treating the filtrate, after removal of lead, not with ammonium 
sulphate, out first with sodium chloride, and then with sodium phosphate. 
Practically none of the antitoxine is precipitated with the sodium chloride 
precipitate, whereas it is nearly all carried down by the sodium phosphate 
precipitate. 

The properties of the antitoxine have naturally received much 
attention. It does not differ materially from diphtheria anti- 
toxine. It is partially destroyed at 68' C., though not completely 
so even at 80" C. Acids (hydrochloric acid, in the proportion of 
1 part to 15 of antitoxine, and lactic acid) have also a destructive 
influence. 

Very weak alkalies do not injure it, but, when concentrated, 
rapidly destroy it. It does not readily putrefy (Bbhbing). 

It is not dialysable, and is partially retained by Chamberland 
porcelain filters. Tizzoni and Cattani^ attribute to it the 
nature of a ferment, for which, in my opinion, there is no 
justification (see under DiphtJieria), They draw tiiis conclusion 
from the fact that it can be precipitated by alcohol, and can be 
extracted, though slowly, from the precipitates by means of 
glycerin. Doubtless, like diphtheria antitoxine, it is also a 
substance closely allied to the globulins. 

^ Brieger and Cohn, " Beitr. z. Concentr. geg. Wundstarrkrampf 
sohiitzenden Substanz.," ZtU,f, Hyg,, xv., 439, 1893. 

^ Tizzoni and Gattani, *' Sur les propriet^s de I'antitoxine du tetanos," 
Arch, ital, d, Biol., xvi., 394 (abstract), 1891; *<Ueber d. Eigenschaften 
des Tetanus- Antitoxins," OentrcUbL /. Bakt,, ix., 685, 1891; "Femere 
Unters. lib. das Tetanus Antitoxin," ibid., x., 33, 1891 ; Tizzoni, « Ueb. d. 
experim. Immunitat gegen Tetanus," Fedtachr. fur Virchow, Berlin, 
iii., 29, 1892. 
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It had already been found by Tizzoni and Cattani that it 
was precipitated by magnesium sulphate. They had also observed 
that the globulins that were precipitated by means of weak 
acids (acetic acid, carbonic acid) or those separated by means of 
dialysis did not carry down the antitoxine, but only those 
globulins that were precipitated by means of solid magnesium 
sulphate at 30" C. 

Pick (loc. ciL) was able to confirm these statements by means 
of his more delicate methods. According to his results tetanus 
antitoxine is distributed in exactly the same manner as diphtheria 
antitoxine; thus, in horse serum, he found it to be combined 
exclusively with the psetidoglobulin. 

The valu£ of tetanus antitoxine has been calculated by 
Behrino ^ in the following manner : — A " single " serum is taken 
to be that which will protect 1 grm. of an animal against the 
action of a certain lethal dose. Thus 1 c.c. of serum of the 
strength of 1 in a million will protect 50,000 mice of 20 grms. 
each ; hence a mouse requires y^j^^ c.c. or 0*00002 cc, a sheep 
of 50 kilos. 0-05 cc, and a horse of 400 kilos. 0*4 c.c. Recently, 
however, the serum has been tested as accurately as diphtheria 
serum in the Royal Institute for the Investigation and Testing 
of Serum. Test poisons are standardised upon a test serum that 
has been kept unaltered, and are then used for the valuation of 
the sera under examination. 

A fact of the greatest importance for the estimation of the 
action of antitoxine in the organism was that established by 
Hans Meter and Ransom (loc, cit) — viz., that the antitoxine, 
unlike the toxine, is not capable of penetrating the axis cylinder. 
Hence the antitoxine is absolutely powerless against the poison 
when once the latter is in the nerves. Nor can it penetrate even 
by way of the blood and lymph tracts into the centres. Thus it 
can only neutralise the eaxess of poison in the tissues. And this 
explains why even highly-immuned animals can be poisoned when 
the poison is introduced directly into their nerves. Meter and 
Ransom hoped to be able to effect a cure by the direct injection of 
cmtitoxine into the nerves. 

^ The values dven by Behbing {Die Blutaerumtherapie, ii., 20) do not 
exactly tally. If 1 c.c. protects 50,000 mice, one mouse requires not 
0-00005 c.c, but 0-00002 c.c, and a horse of 400 kilos, not 0*25, but 0*4 cc. 
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BOTULISM TOXINE. 



A third true tx)xine is the active principle in many cases of 
Jlesh poisoning. 

Considerable light was thrown upon the fairly obscure etiology 
of botulism by the discovery of Van Ermengem,^ who isolated 
from a poisonous ham a saprophytic bacillus, B, botulimts, which 
even then he concluded to be the producer of a specific, extremely 
active toxine. According to Kempner, it can also be detected in 
the faeces of swine, and Schneidemuhl^ regards it as the cause 
of the so-called birth-paralysis of cattle. Although substances 
had already been isolated at an earlier period, and asserted to be 
the active agents in the poisoning — e.g., that isolated by v. Anrep^ 
from sturgeon's flesh — yet botulism toxine was the first that was 
proved to be the specific poison of flesh poisoning, and a true 
toxine. 

Van Ermengem isolated it by filtration of cultivations of his 
JBacUliis hotulinns. It is extremely poisonous, the lethal dose 
for man being as little as 0*035 mgm. This in itself points to 
its being a true toxine. A further proof is the specific nature of 
its action, the symptoms of illness produced corresponding 
exactly with those of botulism. 

It produces the same symptoms in the eyes, aphonia, constipa- 
tion, and retention of urine. Fever does not occur. Finally, 
symptoms resembling those of bulbar paralysis are manifested, 
and end in death. 

Its action does not begin until after a certain period of 
incubation. 

According to Forssman,^ the mode of introduction has an 
influence upon the results. Thus, intercerebral injection did not 
produce the same characteristic form or intensity of illness as 
followed subcutaneous injection ; there was a greater diflference 
with intraperitoneal, and the greatest with intrapulnionary in- 
jection. Violent dyspnoea is then the predominating symptom 
of the poisoning. Moreover, after interpleural injection the 
toxine is five to nine times as poisonous, although the period of 
incubation after a single lethal dose is longer. On the other 

^ Van Ermengem, ** Ueber einen neuen anaeroben Bacillus u. s. Bezieh. 
zum Botulismus," Zeit.f, Hyg., xxvi., 1, 1897. 

2 Schneidemiihl, ** Ueb. Botulismus beim Menschen und die sog. Geburts- 
paralyse bei Rindem," GentralhLf, Bakt., xxiv., 619, 1898. 

3 V. Anrep, ** Intoxication par les ptomaines," Arch. Slaves de BioL, i., 
341, 1886, quoted b^ v. Ermengem, loc. cit. 

* Forssman, "Beitr. z. Kenntn. d. Bakt. d. Botulismus," Author's 
abstract in CentrcUhL/, Bakt., xxix., 541, 1901. 
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hand, the minimum period of incubation (with large doses) is 
six hours after subcutaneous injection, and four hours after intra- 
pulmonary injection. 

Like all true toxines, it is very sensitive to external influences. 
It is rapidly weakened by air and light, and also by raising the 
temperature even to 58° C. for three hours. Alcohol, ether, and 
oxidising substg;nces also destroy it rapidly, while reducing agents 
are relatively but little injurious. On the other hand, it is a 
remarkable fact that it can act by way of the intestinal canal, as 
was found by Van Ermengem, and confirmed by Forssman. The 
fluids of the stomach and small intestine do not injure it, but it 
is speedily destroyed by the contents of the large intestine, 

Brieger and Kempner ^ have prepared the toxine in a concen- 
trated form by Brieger's method : — 

The germ-free filtrate is partially neutralised with ammonia, and treated 
with twice its volume of a 3 per cent, solution of zinc chloride. The preci- 
pitate is carefully washed and cautiously treated with a 1 per cent, solution 
of ammonium bicarbonate until the mixture just shows an alkaline reaction, 
after which it is decomposed with ammonium phosphate, the liquid filtered 
from the precipitated zinc phosphate, and the toxine precipitated with 
ammonium sulphate. 

In this way they obtained very small yields of solid toxine in 
quantitative experiments. 

Botulism toxine is a specific nerve poison, Kempner and 
Pollack 2 and Marinesco^ have simultaneously studied its 
action upon the anatomy, and especially the alterations produced 
in the cells of the anterior cornua, and the destruction, chromato- 
lysis, and decomposition of NissFs granule, with which I cannot 
deal here. * 

It is, however, very important that, owing to this strong 
affinity for the nerve substance, botulism toxine is fixed and 
rendered harmless by it in an analogous manner to tetanus 
poison. 

Kempner and Schepilewski * found that the brain and spinal 
cord were able to combine with considerable quantities of poison, 
and that that property could be utilised both in the prophylactic 
injection of brain substance, as well as for the neutralisation of 

^ Brieger and Kempner, " Beitrag z. Lehre v, d. Fleishvergiftung," 
Dent8ch, med, Woch,, 1897, 621. 

^Kempner and Pollack, ''Die Wirkung des Botulismus toxine auf die 
Nervenzellen," Deuisch, med, Woch,, 1897, 505. 

^ Marinesco, *' Lesions des Centres nerveux produites par la toxine du 
B. botulinus," Soc, Biol,, xlviii, 31, 1896; S4m, Mid,, 1896, 488. 

* Kempner and Schepilewski, *'Ueb. antitoxische Substanzen geg. d. 
Botulismusgift.," Ztiuf, Hyg,, xxvii., 213, 1898. 
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toxine already in the system for a period of twelve hours after 
its introduction. These properties distinguish the action of the 
substance of the central nervous system from that of certain 
simpler chemical substances, which, while equally combining 
with the botulism poison in vitrOy completely lack its immunising 
and curative capacity. Examples of such substances are lecithin 
and choleaterin, but not cerebrin. This property of the brain 
substance is destroyed by boiling. 

According to Charrin and Bardier,^ it also acts as a heart 
poison. It retards the action of the heart, and acts more rapidly 
than diphtheria poison in this respect. 

Kempner^ subsequently prepared an antitoxic serum against 
botulo-toxine by the immunisation of goats. The antitoxine acts 
in accordance with the law of multiples.* It can, however, only 
have any curative effect when used within twelve hours; the 
dyspnoeic form in particular is asserted by Forssman to be in- 
capable of cure. The practicability of the treatment is therefore 
as doubtful here as in the case of tetanus. 



F70C7ANEUS TOXINE. 

Bacillus pyocycmeuSy which is very pathogenic for many 
animals, also produces a true toxine. The poisonous action of 
this toxine has frequently been investigated, as have also the 
phenomena of immunity that result on its introduction into 
the bodies of animals. There are also numerous researches on 
the " toxicity " of B, pyocy emeus in scientific literature, in which 
naturally no distinction was made between the poisonous effects 
of the cells and of the filtrate.* Essentially, however, immunity 
against B. pyocyaneus is bactericidal ; no antidote to the poison 
is produced in immune bodies, but the bacilli themselves perish 
under the influence of a specific agent directed against them. 
Here, then, we meet with conditions similar to those that occur 
in typhus and cholera, with which we shall deal in a later page. 

The conditions differ, however, from those of cholera in one 
essential particular. Whilst in that disease the supposed toxine 
can only be separated very sparingly from the vibriones, and, in 

^ Charrin and Bardier, " Action cardiaque, propri^t^ speciale de la 
botuline," Soc, Biol., I., 60, 1898. 

* Kempner, ** Weit. Beitr. zur Lehre von der Fleischvergiftung," Zeit.f, 
Hyg,, xxvi., 481, 1897. 

^ The most important literature on the subject is given by Breymann, 
"Ueb. StoffVechselprod. des B. pyocyaneus," CentralU, f, Bakt.yXxni,, 
841, 1902. 
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the main, remains attached to the cells themselves, it can be 
separated almost completely from the cells in the case of pyocy- 
emeus, so that we must assume that secretory processes occur 
here similar to those that produce diphtheria toxine. 

B. pyocyaneus has a very characteristic behaviour, as was shown 
by Wassermann.i Frequently it develops in the body of an 
animal, and is thus infectious^ and then the bactericidal protective 
forces come pre-eminently into action. 

On the other hand, however, it develops in its cultivations 
a true toxine, which can be separated from the cell substance, 
and produces in the organism a true antitoxine. 

B, pyocycmeus thus occupies a very interesting intermediate 
position between the purely toxic diphtheria bacillus, on the one 
hand, and the bacteria of the cholera type, on the other hand, in 
the case of which immunity is also pre-eminently bactericidal, 
not antitoodc, while the supposed endotoxines have not as yet 
been isolated in the free state. 

Wassbrmann proved that this poison could be separated 
almost completely from the bacilli, so that the cells, just as in 
the case of diphtheria, contained practically no more toxine; 
but, above all, he showed that by injection of the living bacilli in 
small, but increasing, doses an immunising process results, which 
was directed exclusively against the bacilli themselves, and had 
absolutely no influence upon the poison. 

But, on the other hand, he succeeded in producing a true 
antitoxic solution by means of the soluble poison. In this case 
the serum had absolutely no bactericidal power in vitro ; yet, at 
the same time, an animal rendered proof against the poison was 
also immune against the living bacilli, just as in the case of 
diphtheria; for the bacilli, deprived of their keenest weapon, 
their toxic /unction^ are merely harmless intruders in the 
organism rendered proof against the poison, and speedily perish 
without inflicting any injury. 

Wassermann thus proved that B, pyocyaneus produced a true 
toxine, which in this respect was undoubtedly akin to diphtheria 
and tetanus toxine. It is somewhat more stable than these, 
especially as regards its behaviour towards heat. It is not 
completely destroyed even by boiling. 

In consequence of this a fact of theoretical importance was 
established in the case of pyocyaneus poison. 

It was found that in a neutral mixture of pyocyaneus toxine 
and antitoxine the latter could be completely eliminated by heat, 

^ Wassermann, ''Unters. iib. einige theoret. Punkte d. Immnnitatslehre,'' 
Zeit,f, Hyg,, xxii., 263, 1896. 

9 
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SO that the previously neutral serum became poisonous again. 
This proves beyond doubt that what Calmkttk had previously 
shown to be the case with snake poisons also applies to bacterial 
toxines — viz., that the antitoxine does not eflfect any destruction 
of the poison, but that there is a simple form of combination 
which renders the toxine incapable of attaching itself by means 
of its haptophore group to the cell and poisoning it. 

Wasskrmann prepared his toxine by cultivating B, pyocyaneus 
on beef bouillon containing 2 per cent, of peptone, and subse- 
quently sterilising it by means of toluene. Further investigation 
of the poison and its antitoxine are still required. In particular 
an answer is still needed to the question whether the toxic 
principle is identical with pyocyanolysine, with which we shall 
deal presently, or whether the B. pyocyaneus, as is probably the 
case, resembles the tetanus bacillus in producing two active 
substances, a toxine and a lysine. 

It can be isolated by filtration through Chamberland filters. 
Its toxicity cannot be compared, at all events as yet, with that 
of tetanus toxine, for example. Wassisrmann found the lethal 
dose for guinea-pigs to be 0*5 c.c. 

The quantitative ratios between pyocyaneus toxine and anti- 
toxine show a very important peculiarity. 

In this case the law of multiples only holds good up to about 
10 times the lethal dose. From that point upwards even great 
doses of antitoxine no longer afford protection. 

Undoubtedly Wassermann is right in concluding from the 
relatively slight toxicity of the poison, as well as from this 
restricted formation of antitoxine, that pyocyaneus toxine con- 
tains secondary poisons of non-haptoul nature derived from the 
toxine, such as have hitherto only been obtained outside the 
body in the case of cholera and typhus. In this respect, too, it 
would seem that B, pyocyaneris occupies an intermediate position 
between the diphtheria bacillus, which produces relatively stable 
true toxines, and the bacteria of cholera and typhus. 

THE TOXINE OF SYMPTOMATIC ANTHRAX. - 

A weak immunising poison which did not cause death, and 
was only partially destroyed at 115° C, was obtained by Roux^ 
by filtration of cultures and from flesh juices of infected animals. 

DuENSCHMANN ^ cultivated the bacilli of symptomatic anthrax 

^ Roux, '* Immunity contre le charbon symptomatique,'' Ann, Past., ii., 
49, 1888. 

^ Duenschmann, " £tude exp^rim. sur le charbon symptomatique," 
Ann, Past, viii., 403, 1894. 
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anaerobically on macerated flesh or ox serum, and found in the 
filtrate after seven days a poison with a specific action, which 
killed guinea-pigs in doses of 5 to 6 c.c. It had no protective 
action against living bacilli, 

Arloing,^ in his latest researches on immunisation against 
symptomatic anthrax, makes no mention of any toxine being 
formed by the bacteria. 

Our knowledge of this otherwise practically unknown poison 
has been greatly enlarged by the recent monograph of Grass- 
BERGER and ScHATTENPROH.2 Their results show that a true 
toxine is produced by the bacillus of symptomatic anthrax which 
had not been discovered by the researches of previous workers. 
They find that the formation of the toxine by the bacillus only 
takes place under certain definite conditions, notably when the 
micro-organism shows itself as a typical producer of butyric acid. 
For this purpose the presence of fermentable sugar, or still 
better of calcium lactate, in the culture medium is a primary 
necessity. It very frequently happens that there is no formation 
of toxine at all ; the " denaturalised " micro-organisms are no 
longer able to ferment the lactic acid and produce no trace of 
toxine. In such cases the power of sporulation may be either 
restricted or retained in full vigour. On the other hand, there 
may be an energetic formation of toxine in a quiet after- 
fermentation in which chiefly the lactic acid is decomposed, 
while none was formed in the first vigorous fermentation, and 
this may also occur in cultivations which a.re free from sugar but 
contain lactic acid. A further point of the utmost importance 
is the purity of the cultures, since other bacteria apparently 
injure the very unstable toxine. A temperature of about 37° C. 
is also necessary for the production of the toxine. The formation 
of toxine by the bacillus of symptomatic anthrax is a true free 
secretion. Filtration through infusorial earth was found to be 
the best means of separating the toxine from micro-organisms, 
since more compact filters absorbed too much of the poison. 

The effects of the toxine on guinea-pigs are similar to those 
caused by infection with symptomatic anthrax — viz., oedema, 
areas of haemorrhage, lowering of the temperature, oedema of 
the lungs — in fact all the general symptoms of toxine poisoning. 
The period of incubation is only a few hours, while the disease 
lasts for two to four days or, after very large doses, six to seven 
hours. 

^ Arloing, " Seroth^rapie du charbon symptomatique," Comptes Rend., 
cxxx., 548, 1900; cxxxi., 319, 1900. 
^ Grassberger and Schattenfroh, Ueher das Rauschhrandf 1904. 
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The unit of measurement chosen was a solution of the poison, 
0-01 c.c. of which killed a guinea-pig of 200 to 300 grms. on 
subcutaneous injection. In the case of rabbits death did not 
take place until after the lapse of an hour after the intravenous 
injection of even 1,000 lethal doses ; the lethal dose for them on 
subcutaneous injection was 0*1 to 0*2 c.c. of the normal poison. 
Similar amounts per kilo, of body weight were also fatal to 
monkeys, dogs, hedgehogs, mice, hens, pigeons, sheep, and oxen. 
The lethal dose for a young ox was 40 c.c. of the normal poison, 
while sheep required about 2 c.c. Frogs were refractory, but 
retained the poison within their body. 

The poison passes very slowly through a porcelain filter and 
is hardly dialysable. It resists freezing and thawing, and light 
has but little injurious effect upon it, but it is affected when 
heated even to 30° C. On the other hand, it can be dried in a 
vacuum in the cold. It is almost completely destroyed in an 
hour when exposed to a temperature of 50' C, so that very large 
doses (7 to 10 c.c.) then produce only local swelling. It becomes 
rapidly weaker even when kept in an air-tight vessel and still 
more rapidly when exposed to the air. 

It is destroyed by permanganate added in the proportion of 
0-16 per cent., by phenol (1 per cent.), and formaldehyde (0-1 per 
cent.), while "salting out" with ammonium sulphate and pre- 
cipitation with alcohol and ether have a considerable injurious 
effect. Chloroform is absolutely without influence upon it. 

The poison of symptomatic anthrax is also shown to be a true 
toxine by the fact that it is possible to produce an antitoxine to 
it. Guinea-pigs cannot be used for this purpose since they are 
too susceptible, but it can readily be done with rabbits and oxen. 
It is very easy to immunise the latter, and they yield sera of 
high antitoxic value (up to 400-fold), whereas even highly 
immune rabbits give sera which are only weak in antitoxine. 
The ratios between the toxine and antitoxine show numerical 
proportions exactly analogous to those observed, e.g., in the case 
of diphtheria toxine (marked variations in the value of D, 
swellings caused by the injection of mixtures in the "differential 
zone," &c.), and thus point to the presence of toxones. On the 
other hand, there does not appear to be a,ny formation oftoxoids^ 
since the decrease in the toxicity keeps parallel with the decrease 
in the combining power. Moreover, combination appears to 
take place very slowly. 

The antitoxine appears to be very stable (it can be kept for 
two years). It is not dialysable ; it can be dried and can resist 
a temperature of 60° to 65° C. for an hour. 
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Over-saturated mixtures of toxine and antitoxine are fre- 
quently still poisonous to guinea-pigs, though other animals can 
be immunised by their means, so that here too there appear to 
exist conditions of equilibrium about the neutral point, which 
need further investigation. 

BACTERIAL H^MOLTSINES. 

Closely allied to the true toxines are those bacterial substances 
which exert a specific activity on the red corpuscles of the blood, 
altering their plasma in such fashion that the haemoglobin 
exudes, the blood being thus "laked." They differ essentially, 
however, from blood poisons of the ordinary kind, such as, e.g., 
phenylhydrazine, &c., in acting physiologically as true toxines^ — 
i.e., producing anti-bodies, antily sines, in the organism. They 
thus approximate on the one hand to the true toxines, and on 
the other hand to other hcemolytic haptines, such as ricine, &c., 
as well as to the specific Jicemolysines which are formed on the 
introduction of erythrocytes foreign to a body and also in normal 
sera. Whether these lysines are simple haptines or whether 
they do not rather consist of amboceptor and complement has 
not yet been definitely decided; yet in the case of staphylolysine, 
at all events, all the arguments up to the present support the 
view that they are simple haptines (Bordet, Ehrlich, and 

MORGENROte). 

Of these bacterial hgemolysines only two are as yet definitely 
known — tetanolysine and staphylolysine. Other bacteria also 
exhibit hsemolytic activity, but it is not yet quite certain 
whether this is to be attributed to specific lysines, although 
it is true that in the case of coli-lysine, for example, anti-bodies 
are known. But the chief argument against their being of the 
nature of toxines is the fact that they can resist a temperature 
of 120^ C. 

A further interesting point is the fact that there is an extra- 
ordinary difference in the degree of resistance offered by the 
blood-corpuscles of different species to the various lysines, and 
that the erythrocytes of certain species are naturally more or 
less completely immune against each of them. 

TETANOLYSINE. 

Tetanolysine was discovered by Ehrlich ^ in cultivations of 
the tetanus bacillus. 

1 Ehrlich, Oes. d. Charitidrzte, [3], ii., 1898; Berl. Bin. Woch., 1898, 
No. 12. 
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The reasons that led Ehrlich to conclude that it was a different 
poison to the true tetanus poison, the convulsion-producing tetano- 
spasminef are as follows : — 

The ratio between the amounts of tetanolysine and tetano- 
spasmine in the cultivations and preparations derived from them 
is not constant. Some solutions of the poison are rich in the 
former and relatively poor in the latter, and vice versd. 

Tetanolysine is more sensitive to external influences than 
tetanospasmine. 

Tetanolysine combines with the erythrocytes, while tetanus 
toxine is left by them in solution. 

In proportion as the tetanus solution varies in the amounts 
of the two poisons, so also the anti-serum prepared by means of 
this solution contains varying relative quantities of the corre- 
sponding anti-bodiesy so that it is sometimes more antitoxic and 
sometimes more antilytic in its action. 

Tetanolysine was thoroughly investigated by Madsen^ in 
Ehrlich's Institute, and his results were confirmed by Kraus 
and Clairmont.2 

Madsen obtained, by means of precipitation with ammonium 
sulphate from a bouillon culture of tetanus, a preparation, of 
which 0*000001 grm. was the amount required for a lethal dose 
for a mouse. 

This poison dissolves the blood-corpuscles of many animals; 
rabbits* blood, being particularly sensitive, is used for the experi- 
ments, in the form of a 5 per cent, emulsion in a physiological 
solution of sodium chloride. 

The amount of solution is determined colorimetrically by com- 
parison with a standard solution of blood. It depends, ceteris 
paribus, on the amount of poison added. There is a difference, 
however, in the sensitiveness of individiuil blood-corpuscles ; 
moreover, tetanolysine has much less action in the cold than at 
the incubation temperature, whereas other hsemolytic poisons do 
not possess this property. 

Tetanolysine is extraordinarily sensitive to external influences. 
Even at the ordinary temperature it becomes considerably weaker 
in less than an hour, especially in dilute solutions, but concen- 
trated solutions also soon lose part of their hsemolytic power. 
Higher temperatures, even 50° C., have a very injurious effect. 
The lysine can be kept on ice without undergoing decomposition 
for twenty-four hours, and in the dry condition is absolutely stable. 

1 Madsen, *' Ueber Tetanolysin," Zeit. /. Hyg., xxxii., 214, 1899. 
^ Kraus and Clairmont, " Ueber Hamolysin und Antihamolysin," Wien, 
klin. WM., 1900, 49. 
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It is particularly interesting to note that Madsen was able to 
show that this weakening was due to the formatian of toxoids. 

In his experiments he followed exactly the same methods as 
were used by Ehrlich in elucidating the constitution of diph- 
theria poison — i.e., he determined the conditions of combination 
with the specific anti-body of tetanolysine. This antilysine is 
present in the preparations of antitoxine against tetanus. In 
the first place, Madsen established a unit of toxic activity and 
a unit of the antilytic power of the anti-body, in accordance 
with Ehrlich's methods, though here obviously the experiment 
on an animal had to be replaced by a determination of the 
blood-solvent power in a test tube. Then, on investigating the 
conditions of the partial neutralisation of the poison with anti- 
toxine, he found that they were quite analogous to those in 
the case of diphtheria poison, for the neutralisation did not 
take place regularly throughout the whole quantity of poison, 
but zones of different combining power with regard to the anti- 
lysine could be detected. 

An addition of only one-thirteenth of the total amount of 
antitoxine required to neutralise the toxic unit was sufficient 
to reduce the hsemolytic power by a half; an addition of a fifth 
neutralised as much as nine-tenths of the poison ; whilst one-half 
neutralised ninety-nine hundredths. 

From this it follows that that part of the poison which has 
the greatest affinity for the antilysine is also endowed with the 
main proportion of the activity, that then come a second and 
third zone with less affinity and also smaller solvent capacities, 
and finally the " spectrum " is completed by a zone with slight 
affinity and little toxic activity. 

We have here, then (to employ the terminology adopted in 
the case of diphtheria poison), a zone of highly active prototoodne, 
with then a broad zone of less active deuterotoxine (hemitoxine 1), 
followed by the zone of 1/ritotoxi'ney and, lastly, the toxones, which 
only act upon certain particularly susceptible erythrocytes, and 
also enter much more slowly and feebly into combination. 

In general, only prototoodne and deuterotoodne act in the cold 
(Madskn'). If a poison is so far neutralised with antilysine that 
these two groups remain inactive, the still remaining tritotoxine 
has absolutely no solvent action at 8° C, even when present in 
the largest qiuzntities. 

This, as Madsen has shown, is due to the fact that at that 
temperature the toxophore group of the tritotoxine is inactive, 
for it combines with the erythrocytes even at that temperature, 
^ Madsen, quoted by Dreyer, Zeit.f, Hyg,^ xxxvii., 274, 1901. 
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SO that solution takes place after separating the mixture by 
centrifugal force and applying heat. Morgenroth (p. 121) was 
able to demonstrate the occurrence of similar phenomena in the 
case of tetanus in the frog. 

A further analogy with diphtheria poison is seen in the mode 
of the formation of toxoids. Thus, tetanolysine decreases in 
strength very rapidly, and mainly, as in the case of diphtheria 
poison, at the cost of the prototoxine zone. The deuterotoxine 
zone iis relatively more stable. 

Like tetanus poison, tetanolysine differs from diphtheria poison 
in requiring a certain amount of time, even several hours, to 
combine with the antitoxine. 

Its action upon the erythrocytes also does not begin at once, 
but only after a certain period of incubation, which decreases 
with the increase in the amount of poison. 

Arrhenius and Madsbn {loc, cit,) have made a closer examina- 
tion of this incubation period, and attribute it to the restrictive 
effect of the membrane (see General Part). 

According to Arrhenius and Mads en it is not absolutely 
indispensable to assume the existence of poison spectra, as 
described above, in the case of tetanolysine, and, in their opinion, 
the quantitative ratios can be better explained by the hypothesis 
of dissociated conditions of equilibrium such as we described at 
length in the General Part. I have, however, cited Madsbn's 
investigations for their bearing on Ehrlich's " spectra " and the 
conclusions originally drawn from them, because it is not 
definitely decided that there is a plurality of poisons in this case. 

The results obtained by TizzoNi and Centanni^ show that the 
toxoids can also have an immunising effect, for they found that 
an anti-body to the lysine could be prepared by means of tetano- 
spasmine which apparently contained no lysine. 

Further experiments made by Madsen ^ upon tetanolysine are 
very interesting, and have also an important bearing upon the 
question of the therapeutic action of antitoxines — i.e., upon their 
power of again liberating the lysine from its combination with 
the cell. It was found that, by the addition of antilysine, lysine 
in combination with the blood-corpuscles could be liberated 
again, and that the blood platelet could be " healed " even after 
it had been attacked. The necessary dose, however, increased 
very rapidly, just as in the case of diphtheria poison and tetano- 

^ Tizzoni and Centanni, Recti Accad, Bologna, 1900, quoted by Neisser 
and Wechsberg, loc, cit. 

^ Madsen, '< Ueber Heilversuohe im Reagenzglas," Zeit.f. Hyg., xxxii., 
239, 1899. 
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spasmine. Even after five minutes twice the dose was required; 
after fifteen minutes, three times ; and after thirty minutes, five 
times the amount of a single protective dose. Beyond that time 
accurate measurements were not possible, since, prior to the 
addition of the antilysine, the amount of solution was so great 
that the shade of colour could no longer be accurately matched. 

PYOCYANOLYSINE. 

A similar bacterial hsemolysine has been obtained from culti- 
vations of B, pyocyaneus by Bulloch and Hunter.^ 

They isolated it from eight different cultivations, the " results 
being practically the same." 

The hsemolytic power was tested upon the blood-corpuscles of 
the most different species of animals, the amounts usually em- 
ployed being 5 c.c. of the unfiltered culture, or 1*5 to 2 c.c. 
of that filtered through a Chamberland filter. Rabbit's blood 
offered some resistance. 

There is very little pyocyanolysine present in young cultures, 
the filtrate being practically devoid of it. Cultivations three to 
four weeks' old yield a filtrate which also contains lysine, though 
invariably in a very small proportion as compared with that in 
the main cultivation. 

Bulloch and Hunter conclude from this that the lysine is 
combined with cells of the bacilli, and is not liberated until the 
cultivations grow older. In consequence of this combination 
with the cells it is somewhat protected from the destructive 
effect of heat, so that the unfiltered cultivation can resist a 
temperature of 100° C. for a short period (fifteen minutes), 
whereas the poison in the filtrate is rapidly destroyed by boiling. 
The antilysine has not yet been detected. 

These results were, in the main, confirmed immediately after- 
wards by Weingeropf,2 who, however, also obtained the lysine 
by filtration of the cultures. Subsequently Marg. Breymann ^ 
found the lysine only in the filtrates, even in the case of young 
cultivations. 

Weingeropp was able to give a direct proof that the lysine 
combined with the blood-corpuscles, while the toxine present in 

^Bulloch and Hunter, "Ueber Pyocyanolysin," CentrcUbl. /. Bakt., 
xxviii., 865, 1900. 

^Weingeroff, **Zur Kenntnis des Hamolysins des B. pyocyaneus," 
CerUrcUbl. /. BaJU,, xxix., No. 20, 1901. 

* M. Breymann, **Ueb. Stoffwechselprod. d. B. pyocyaneus," Centralbl, 
/. Bala,, xxxi., 481, 1902. 
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the same solution remained at liberty. This showed that the 
lysine and toxine were discrete. 

LuBENAU,^ too, found that an old pyocyaneus cultivation 
(twenty-one months) had a very pronounced hsemolytic action ; 
it was strongly alkaline ; neutralisation perceptibly weakened 
the haemolytic function, but did not destroy it. 

LoEW and Kozai*^ found that the admission of air and the 
addition of sugar promoted the formation of pyocyanolysine. 

According to Breymann the lysine resists the action of heat, 

GOLILTSINE. 

A principle that attacked the corpuscles of the blood, and vxis 
not destroyed by heat^ was discovered by Kayseb ^ in cultivations 
of B. coli. 

It is produced when the reaction of the liquid is very faintly 
acid. Its action is most pronounced upon the blood of the dog, 
and then upon that of the horse, ox, and rabbit, while it has 
little or no effect upon the blood of man, the guinea-pig, sheep, 
goose, and pigeon. The order of the degree of activity upon the 
different kinds of blood differs from that of sfcaphylolysine. 

The poison is present in filtered cultivations of three days' 
growth, not in the cells of the bacteria. The haemolysis is not 
preceded by agglutination. 

The lysine can resist a temperature of 120° C. for thirty 
minutes without injury. It combines with the erythrocytes in 
the cold like a true toxine, and, on warming, solution takes place. 
Its stability on keeping varies very considerably. 

On subcutaneous injection there is formed in the organism an 
antilysine which is stable at 56° C. Moreover, " healing " — ?'.e., 
restriction of haemolysis when once commenced — can be effected 
by means of antilysine (cf. Tetanolysine), Normal serum, 
especially that of the horse, also contains the antilysine. 

STAPH7L0L7SINE. 

The history of the investigation of the staphylococci poisons 
and their r61e is, in the main, a description of the same labyr- 
ynthine paths as have usually been followed in the examination 

^ Lubenau, ** Hamolyt. Fahigkeiten einzelner pathog. Schizomyceten," 
CerUrdthlf, Bakt,, xxx., 356. 

^Loew and Kozai, "Ueb. d. Bild. des Py ocyanolysins," Jfa/y« ^6., 
xxxi., 912, 1901. 

* Kayser, **Ueb. Bakterienhamolysine, bes. d. Coiilysin," Zeit.f, Hyg,, 
xlii., 118, 1903. 
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of bacterial toxines. Fortunately in this case, unlike that of the 
streptococci^ for example, definite results have been yielded by 
the latest researches. 

As regards the earlier investigations only three are really of importance. 
RoDET and Courmont ^ discovered in cultivations of staphylococci an im- 
munising substance precipitable bv alcohol. Reichel,^ who made a closer 
study of the problem, was able, by filtration of cultivations of Staphylo- 
coccus pyogenes aureus, to isolate a specific poison, which was, however, not 
very toxic, and against the action of which immunity could be obtained. 

MoSNY and Mabcano ^ found that staphylococci were slightly poisonous, 
and, on injection, produced an antitoxine. 

We know now that Staphylococcus pyogenes aureus produces 
two specific poisons, one of which, leucocidine, has a poisonous 
action on the leucocytes, whilst the other, a lysine, affects the red 
corpuscles of the blood. 

The first to indicate briefly the existence of a staphylotoxine 
acting on the red corpuscles, as a substance distinct from leuco- 
cidine, was Van de Velde,^ and then Kkaus and Clairmont.^ 
This lysine was first systematically studied, however, in Ehrlich's 
Institute by N kisser and Wechsberg.^ 

Staphylococcus pyogenes aureus produces a blood - solvent 
toxine, which can be detected in bouillon cultures after three to 
four days' growth, the optimum period for its formation being 
ten to fourteen days. The best condition for its production is in 
the still faintly acid broth, to which has been added from a third 
to a half of the quantity of normal alkali required for its 
complete neutralisation. It can be separated by filtration. 

The capacity for producing lysine varies very greatly with the 
different species of staphylococci, and apparently, as is also the 
case with the true toxines, stands in no direct ratio with regard 
to its virulence for man. The true pyogenic species, albv^ and 
aureu^s, invariably produce it, but there are numerous other non- 
pathogenic species that produce no lysine. The quantity of 

^ Rodet and Courmont, ** De Texistence . . . dans des cultures du 
staphylocoque d'une siibstance vaccinante," Comptes i?enc{.,cxiii.,432, 1891. 

'^ Reichel, ** Ueb. Immunitat gegen das Virus von Eiterkokken," Arch, 
/. kliii. Chirurg., xlii., 237, 1891. 

* Mosny and Marcano, **De Taction de la toxine du staphyl. pyog.," 
Sem. M6d., 1894,644 

* Van de Velde, * * Etude s. 1. ni6canisme de virulence du staphylocoque 
pyog^ne," La CeUvle, x.; id,, "Contribution k Timmunit^ des lapins contr6 
le Staphylocoque," Ann. Past,, x., 680, 1896. 

' Kraus and Clairmont, *' Ueber Hamolysine u. Antihamolysine." Wien. 
klin. Woch., 1890, 49. 

^Neisser and Wechsberg, ** Ueber das Staphylotoxin," Zeit. f. Hyg., 
xxxvi., 299, 1901. 
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lysine" formed varies with the diflferent species, as does also 
the period of time at which the maximum production occurs. 
According to Lubenau^ this fluctuates considerably within 
a few hours. The addition of glucose to the cultivations reduces 
the yield of lysine (Kayser^). 

Staphylolysine answers the requirements of the true toxines 
as regards the influence of external factors. While it can 
generally be kept for a long period unaltered in an ice chest 
(with the addition of phenol) it is destroyed in twenty minutes 
at 56** C, is injured at 48° C, and even when kept in an 
incubating chamber loses its activity within a few weeks. 

It can resist the action of considerable quantities of alkalies, 
acids, and ordinary salt ; but strong alkalinity, especially at the 
incubation temperature, is injurious. 

The blood-corpuscles of different animals vary considerably 
with regard to their susceptibility towards the same lysine ; the 
erythrocytes of the rabbit appear to be the most susceptible, 
while those of man, of the goat, and, above all, of the goose, offer 
much greater resistance. A still further complication is intro- 
duced into the conditions by the fact that the normal serum of 
most species of animals exercises a more or less pronounced 
protective action against the lysine, so that in order to obtain 
comparable results, it is necessary to use washed blood-corpuscles. 
Rabbit's blood, apart from its special susceptibility, is also the 
best medium for the test, owing to the fact that normal rabbit's 
serum has only a very insignificant protective capacity. Even 
with the same blood it is possible, as in the case of tetanolysine, 
to demonstrate differences in the susceptibility of the erythro- 
cytes, so that even weak solutions of lysine dissolve certain blood- 
corpuscles, whereas considerably stronger solutions must be 
employed to obtain complete solution. 

ANTISTAPHYLOLYSINE. 

The protective force exerted by certain normal sera in varying 
degree against the action of staphylolysine must be attributed to 
the presence of a specific anti-body whose activity is exclusively 
directed against staphylolysine. Normal horse serum, in par- 
ticular, is sometimes so rich in it that as little as 0*01 c.c. will 
afford protection against a dose of staphylolysine that would 
otherwise dissolve the corpuscles en masse, 

^ Lubenau, "Hamolytische F&higkeit einiger pathogener Schizomyceten," 
CentrcUbl.f. Bakt., xxx., 366, 1901. 

^ Kayser, **Einw. d. Traubenzuckers auf Staphylococcus," Zeit,/, Hyg,, 
xL, 21, 1902. 
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Normal horse serum also frequently affords protection against tetano- 
lj/8in^. From this Kraus and Cliibmont have drawn conclusions as to 
the identity of the two lysines and their anti-bodies. Nbisseb and 
Wbchsberg, however, were able to show that, on the one hand, immune 
sera that afforded protection against staphylolysine had no action at all 
upon tetandysine, and that, on the other hand, tetanus sera, which acted 
energetically against tetanolysine, afforded under certain conditions much 
less protection than normal serum against staphylolysine. 

Staphylolysine thus shows itself to be a true toxine in so far 
as it possesses a specific anti-body, which is present even in many 
normal sera including human serum, in varying amounts, and 
is invariably formed whenever an animal is rendered immune 
against the lysine. 

This is attained by subcutaneous or intravenous, but not 
peritoneal, injection of small doses twice or thrice repeated into 
goats or rabbits. 

A very interesting point is the protection afforded to the 
lysine by combining with the anti-body. Although the anti- 
body can resist temperatures up to 68° C, which speedily destroy 
the lysine, it is not possible to eliminate the toxine from a normal 
mixture by means of heat, and to leave the antitoxine free. 

All these lysines, whatever their origin, produce the same anti- 
lysine effective against them all, so that it would seem that we 
have here to deal with a simple haptine. The evidence is in- 
sufficient for us to decide whether we have here products of the 
activity of staphylococci or normal side-chains in the stricter 
sense of the word. Yet anti-bodies of the most diverse kind 
occur in normal serum with such relative frequency as to render 
it probable that normal receptors may actually have an affinity 
for the poisons in question, which in this case may have the form 
of free amboceptors resembling the receptors of the blood- 
corpuscles. 

The GoDstitution of Staphylolysine.— Staphylolysine has many 
analogies with tetanolysine in its constitution. It is not con- 
structed on the type of Bordet and Ehrlich's hsemoly sines — i.e., 
it does not, like them, consist of two parts, the " amboceptor " 
and the ^^ complemsnt,*^ for after being heated to 56' C, at which 
temperature it becomes inactive, it can not be rendered active 
again either by normal serum or any other means. Nor does 
this lysine, after being rendered inactive, still produce an anti- 
body, as do the intermediate bodies that withstand the heat in 
the case of the hsemolysines. Its structure is thus that of the 
simple toxine ; the haptophore and toxophore groups are attached 
to one nucleus. As in the case of the simple toxines, the hapto- 
phore group is able to &ater into combination even in the cold, 
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while solution does not take pla,ce owing to the toxophore, group 
remaining inactive. If the erythrocytes of rabbits' blood be 
treated for some hours with staphylolysine at 0° C, no solution 
occurs ; but on carefully washing the erythrocytes, and warming 
them to 37" C. solution, it immediately takes place. Perfectly 
analogous conditions of combination and activity have been 
observed by Morqenboth {loc, cit.) in tetanus in the frog, and 
by Mads EN in the case of tetanolysine. Staphylolysine is thus 
closely allied to the true toxines. 

This analogy goes still further. Adopting Ehrlich's method of 
determining the constitution of a toxine, Neisskr and Wechs- 
BERG have treated a definite amount of toxine with increasing 
fractions of the antitoxic unit, and have thus obtained " spectra," 
which present many analogies with those of diphtheria toxine 
and tetanolysine. There is no need to go more fully into these 
details here. 

Hsemolysines are also produced by other bacteria, as has been 
described — e,g,, by Lubenau (loc, cit.), and Kbaus and Clairmont 
(loc, cit.). Agents with a solvent action upon the blood are 
formed by cholera micro-organisms and other similar vibriones. 
Levy^ isolated from typhus cultivations a lysine which acted 
most upon dogs' blood. 

By means of immunisation with typhoid cultures he succeeded 
in preparing an antilytic serum. Typhoid lysine also resists the 
action of heat. A streptolysins that was fairly stable when 
heated has been described by Besredka.^ 

It only occurs in young cultivations, and varies in its proper- 
ties with the nature of the culture medium. It is only destroyed 
after two hours' heating at 70° C, and is not dialysable. 

It does not form an anti-body under any condition, and thus 
is apparently not a haptine at all. For this reason I give no 
further particulars about it here. 

A hsemolysine isolated from cultures of the pneumococcus has 
been described by Casagrandi.^ It is characteristic of this that 
only the non-pathogenic varieties of this diplococcus should form 
a lysine. Its constitution is similar to that of the other toxines. 
and it forms an anti-body. Certain species are also stated to 
produce a specific leucocidiTie in addition to the lysine. 

1 E. and P. Levy, **Ueber die Hamolysine des Ty.-B.,» CentrcUhl. /. 
^aifc^., x^x.,405, 1901. 

^ Besredka, **De Th^molysine streptococcique," Ann. Past., xv., 880, 

^Casagrandi, "L'Emolisina e la Leucolisina Diplococcica," Bull. Sac. 
Lands. Horn., xxvii., 2; Biochem. Centralbl., i., 402, 1903. 
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Lastly, specific hcemagglutinines obtained from the filtrates 
from bacteria — e.g,y from staphylococcus and different vibriones — 
have recently been described by Kraus and Ludwig.^ They 
are destroyed at 58" C. and form specific anti-bodies. They 
must be kept quite distinct from the specific hsemolysines. 

A lysine of the plague bacillus has also been described by 
Uriarte.2 

THE LEUCOCIDINE OF THE STAPHYLOCOCCI. 

Simultaneously with the production of lysine there is formed 
in the case of the typical species of staphylococci a second soluble 
toxine, leucoddine, which was independently discovered by Van 
DE Velde (loc. cit.) and by Bail,^ and was more closely studied 
by Neisser and Wechsberg.^ Its specific activity is directed 
mainly against the leucocytes, which it kills and dissolves, and 
also against certain other cells, such as hsematoblasts, ganglionic 
cells, &c. Owing to the fact that it appears to destroy the 
leucocytes in the living organism also, it produces infarct and 
other alterations in the kidneys. It does not appear, however, 
to have a specific action upon the epithelium of the kidneys. 
Neisser and Wechsberg tested its activity by means of their 
^^bioscopic method,'* in which they took the reducing power of 
the leucocytes as the measure of their vitality, a dilute solution 
of methylene blue being used as the indicator. If the leucoci- 
dine was active no decolorisation of the methylene blue took 
place. In such determinations it is obvious that the quantity of 
leucocytes present must be taken into account; this was done 
by determining beforehand the single reducing dose, L^,,for each 
exudation from the living cells, and taking this result as the 
basis of the calculation. 

Leucocidine is produced in bouillon cultivations in about four 
days, and reaches its maximum in about eight days. As regards 
the influence of the alkalinity of the culture fluid almost the 
same conditions appear to hold good for leucocidine as for 
staphylolysine. 

Leucocidine invariably occurs in association with the lysine. 

^ Kraus and Ludwig, "Ueb. Bakteriohamagglutinine," Wien. klin, Woch.j 
1902, 120. 

^Uriarte, "H^molysine du bac. pesteux.," Soc. Biol., Ivii., 254, 1904. 

^Bail, "Ueber leukocide Substanzen in den Stoffwechselprodukten d. 
Staph, pyog. aureus," Arch.f, Hyg., xxxii., 133, 1898. 

* Neisser and Wechsberg, **Ueber eine neue einfache Methode z. Beob. 
von Schadigungen leb. Zellen und Organismen," Munch, med. Woch., 
1902, 1261. 
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The same species of staphylococci that produce the lysine also 
produce leucocidine, although far from invariably in correspond- 
ing quantity. As in the case of the lysine, passage through an 
animal increases the production of poison. It is, nevertheless, 
a specific poison unmistakably distinct from the lysine^ and 
possesses its own haptophore and toxophore groups. The lysine 
does not combine with the leucocytes. Leucocidine passes into 
the sterilised filtrates and is thus a soluble poison. 

It is somewhat less stable than the lysine. At 50° C. it is 
destroyed in twenty minutes, and at 58® 0. in ten minutes. 
When kept, preserved with phenol, in an ice chest it very 
rapidly becomes weaker, its activity being from twenty-five to 
sixty times less after sixteen days. Eventually it becomes quite 
inactive. 

Its action is fairly slow, so that it is essential to extend the 
period of observation to two hours. It is shown to be a true 
toxine by the fact that it is capable of forming an antitoxine. \ 

Denys and Van de Velde^ were the first to prepare an anti- . j 

leucocidine by means of the injections of the filtrates from i 

cultivations. Then Neisser and Wechsberg discovered anti- ' 

leucocidine in normal horse serum and human serum, but not in 
that of the rabbit ; in like manner they invariably obtained an 
antileucocidine of uniform character by immunising rabbits and 
goats. 

^e have thus in the leucocidine of staphylococci a true toxine, 
which has specific action upon leucocytes — characteristic activity 
which has hitherto only had an analogy in the pneumococcus 
leucocidine discovered by Casagrandi (loc. ciU), 

^ Denys and Van de Velde, **Sur la production d'une antileucocidine, 
&c. ," La GellvJey xi. , quoted by Neisser and Wechsberg. 
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IL-THE ENDOTOXINES. 

CHOLERA VIRUS. 

The question of the nature of cholera virus, and of its position 
with regard to the true toxines, is still far from being definitely 
settled. Apart from the unfortunate fact that we meet with* 
direct contradictions in the experimental results, there is also 
one very important circumstance that increases the difficulty 
of making a survey in this and many very similar cases, such 
as the poisons of typhus, pneumococcus, <fec. The earlier 
investigators of immunity were not at that time able to draw 
the fundamental distinction between antitoxic and bacteri- 
cidal immunity, and thus at first no systematic research was 
made to determine the existence of a cholera toxine and anti- 
toxine. But even at the present day the difficulty of investi- 
gation is greatly increased by the fact that inrtnunity against 
cholera is undoubtedly, in the main, bactericidal, and that anti- 
toxic immunity, even if it exists at all, occupies an absolutely 
secondary position. Even inoculation with the'' dead cells 
apparently produces a purely antibacterial immunity. 

The history of cholera virus begins with R. KocH,^ who had 
long regarded cholera as a disease due to toxine poisoning, 
although it was only after tedious experiments that he suc- 
ceeded in causing rapid poisoning, and then only by means 
of living bacteria. On the other hand, Nicati and Rietsch^ 
obtained poisonous filtrates devoid of specific activity, as was 
also done by Yan Ermengem.^ Then followed the usual inves- 
tigations of the soluble crystalloid substances of a ptomaine 
character which had been isolated from the cultures, but were 
soon recognised as not responsible for the toxic action of the 
vibriones. The toxalbumins, too, which Brieger and Frankel 
isolated by their method from cholera cultivations, were found 

1 R. Koch, " Vort. uberdie Cholera," Berl. Bin, Woch,, 1884, 498; id,, 
"Zweite Conferenz z. Erort. d. Cholerafrage," ihid,, 1895 [37a], 8. 

^Nicati and Rietsch, **Effets toxiques des produits, &;c.," Comptea 
Rend,, xcix., 929, 1884. 

3 Van Ermengem, ** Sur Vinoculation des prodnits de culture du bacille 
virgulae," Bvll. Acad, Mid. Belg., [3], xviii., 1221, 1884. 

10 



146 TOXINBS AND ANTITOXINES. 

by them to be substances having only a slight toxic action, and 
not producing any specific eflfects. Their cholera toxalbumin, in 
particular, was insoluble in water and not poisonous to rabbits. 

The first successful attempt to isolate a poisonous and approxi- 
mately specifically active product from Koch's vibrio was made 
by Petri.^ He discovered in peptone cultivations a soluble 
poison, which killed guinea-pigs with hypothermia and other 
symptoms of cholera poisoning, although fairly large doses 
(2 C.C.) were required. His ^^ toxopeptone,^^ it is true, differed 
widely from the true toxines in that it could resist boiling. 
He also confirmed the far-reaching observation first made by 
Cantani,2 that the cells after being killed invariably still con- 
tained an abundance of virus, so that the filtered cultivations 
were never as poisonous as the original sterilised cultures. 
Klemperer^ also found that the dead cells were still poisonous 
and could act per oa when the acidity of the stomach was 
partially neutralised and the intestine in a state of rest. 

Next come the experiments of Hueppb* and Scholl ' to obtain a 
''toxine" by means of anaerobic cultivations in eggs and precipitation 
with alcohol, but their results were contradicted by Gruber and Wiener,* 
Wbsbrook,^ and Donitz,^ who were unable to prepare active specific 
poisons by these means. 

Gamaleia® concluded that there were two cholera poisons. 
He cultivated the vibriones for fifteen days in calf's-foot bouillon 
and sterilised the culture at 120° C. The poison thus obtained 
caused death preceded by a marked fall of temperature and 
paralysis, as well as by hypersemia of the abdominal organs. 
There was absolutely no acclimatisation to this poison, which 

^ Petri, **Unters. iib. die d. d. Wachstum der Cholerabakt. entstehenden 
chemischen Umsetzungen," Arh, Kais, Oea.-Amt., vi., 374, 1890. 

^Cantani, "Giftigkeit der Cholerabazillen," Z)eM^scA. med. Woch.y 1886, 
789. 

8 Klemperer, **Ueb. kunstlichen Impf schutz gegen Choleraintoxikation," 
Berl, klin, Woch., 1892, 789. 

* Hueppe, ** Ueb. d. Aetiologie u. Toxikologie der Cholera asiatica," 
Deutsch. med. Woch., 1891, 417. 

* SchoU, ** Unters. iib. giftige Eiweisskorper bei Cholera asiatica," A^-ch. 
f. Hyg., 1892, 172. 

* Gruber and Wiener, **Ueb. d. intraperiton. Cholerainfektion," Wien. 
Uin, Woch., 1892, 643. 

^Wesbrook, "Contrib. k T^tude d. toxines du Cholera," Ann, Past., 
viii.,318, 1894. 

8 Donitz, " Ueb. d. Verhalten d. ChoL-Vibr. im Huhnerei," Zeit.f. Hyg., 
1895, 20, 31. 

^ Gamaleia, ** Recherches exp6r. sur les poisons du Cholera," Arch, de 
Med. Exper., 1892, 173. 
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originated from the cells of the vibriones and was of a nucleic 
character. In addition to this, however, the cultivations con- 
tained a poison, a nucleo-alhumin^ which was unstable when 
heated; it occurred in the cultures that had been sterilised at 
58' C, while the filtrates were only very slightly poisonous. It 
produced very violent diarrhoea and other choleraic symptoms. 

Wassermann^ found that the dead cells when used in the 
proportion of eight to ten times the quantity of the living 
vibriones produced the typical symptoms, ending in death, in 
a guinea-pig. By evaporation of the cultures and precipitation 
with alcohol he obtained a poison which, in a dose of 0*02 grm., 
killed guinea-pigs but produced no antitoxic immunity. Ppeiffer 
and Wassermann^ and Issaefp^ assert that the serum of im- 
mune animals does not confer antitoxine immunity. Klemperer* 
found filtered cultivations to be slightly poisonous. 

The question was then further investigated by Wesbrook. 
He cultivated the vibriones on alkali albuminate which gave 
no biuret reaction. After three weeks there ^as an unmis- 
takable biuret reaction. The poison, when filtered through 
porcelain, was fatal to guinea-pigs in doses of 0*5 to 1*5 c.c. 
and possessed immunising capacity. 

He attempted to isolate it by neutralising the alkali albu- 
minate with hydrochloric acid so that it was precipitated, 
concentrating the filtrate in vacuo at 40° C, and dialysing it 
after the addition of alcohol. Both the precipitated albuminate 
and the albumose left in the filtrate were poisonous. 

He also obtained from a rich growth of the bacteria in proteid- 
free culture-media (like those employed by Uschinsky), to which 
a certain proportion of sodium hydroxide had been added, a 
poison which, after imperfect purification, yielded a brown sub- 
stance that gave no biuret reaction and only a faint xantho- 
proteid reaction. It had a poisonous action and immunising 
capacity. From these results he concluded that cholera virus 
was only in combina.tion with proteids, but was not a proteid 
itself. 

This poison was invariably only sparingly produced in the 
cultivations, and was but very slightly poisonous in comparison 

^ Wassermann, **Unt. lib. Immun. geg. Choi, asiatica, " -^ci^ /. Hyg.^ 
xiv., 35, 1893. 

2 Pfeiflfer and Wassermann, ** Unters. iib. das Wesen d. Choleraim muni- 
tat," ZeiLf. Hyg,, xiv., 46, 1893. 

'^ Issaeff, **Unt. iib. d. kiinstl. Imm. geg. Cholera," -Zet^ /. ffyg,, xv., 
287, 1894. 

* Klemperer, "Schutzimptfj d. Menschen geg. asiat. Cholera," Berl. Jdin. 
Woch., 1892, 970. 
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with diphtheria toxins and tetaniLS toxine, and hence Pfeipfer^ 
asserted that cholera virus possessed a totally different nature 
and mode of production to these true toxines. He put forward 
the view that cholera virus was not an excretion product of the 
vibriones, but a substance firmly retained within the cell in the 
normal condition, an ^^ endotoadne" which only left the bacteria 
after the death of the latter. This would account for the rela- 
tively small toxic action of the filtered cultivations compared 
with the highly poisonous effects of the living cultures, and, as 
was shown by Pfeiffer, of the dead bacilli. 

Pfeiffek advanced, in support of his view, the following facts 
which he had observed : — The germ-free filtrate of bouillon cul- 
tures is only about half as poisonous as the original cultivation 
before boiling. If boiled cultivations are filtered the germ-free 
filti*ate is more poisonous than that from the unboiled culture. 
But if, on the other hand, the filtrate from the untouched culti- 
vations is boiled, it loses its toxic property. 

If the vibriones are killed by means of chloroform or thymol 
the poisonous property is retained, whereas the addition of 
alcohol and precipitation with ammonium sulphate have an 
injurious effect upon it. When the vibriones are allowed to 
dry slowly, so that they die, they retain their toxic power. 
If they are then heated with water and the liquid filtered 
through a Chamberland filter, the filtrate is non-poisonous ; 
nor is glycerin any more effective in extracting the poison 
from the dead cells. Pfeiffer '^ concludes that there is a 
primary very unstable poison which is converted by heat into 
the secondary poison, prepared by Scholl and others, which while 
acting in the same manner is ten to twenty times weaker. 

Pfeiffer^ still firmly maintained his theory even after 
Ransom ^ had claimed to have prepared, from cultivations, an 
active cholera toxine possessing true immunising powers, and 
after Sobernheim ^ had, at an earlier period, obtained by filtra- 
tion of old cultivations in a rapid state of decomposition a poison 
that acted per os, and also produced immunity. Ransom himself 

1 Pfeiflfer, "Unters. iib. d. Choleragift," Zeit.f, Hyg., xi., 393, 1892. 

^ See also PfeiflFer, "Studien zur Cholera- Aetiologie," ZeiLf. Hyg.^ xv., 
268, 1894. 

* Pfeiffer, ** Ueber die spezifischen AntikQrper der Cholera," Zeit. /. 
Hyg.^ XX., 217, J 895; »rf., *'Ein neues Grundgesetz der Immunit&t," 
Deutsche nied. Woch,, 1896, Nos. 7 and 8. 

^Ransom, * ' Choleragif t u. Choleraantitoxin," Deutach. med. Woch., 
1895, 457. 

'Sobernheim, **Experim. Unters. iib. Choleragif t und Cholerschutz," 
ZeU.f. Hyg., xiv., 485, 1893. 
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gave no further details as to the preparation of his poison, but 
Behring^ subsequently stated that Ransom's poison was obtained 
from cultivations of five to ten days' growth, by means of a short 
heating at 100° C, filtration through a PukalFs filter, and pre- 
cipitation with alcohol. 

This solid poison is stated to produce violent choleraic symp- 
toms and death when tried upon animals. It causes in the 
organism of the animal a slight formation of antitoxine (protec- 
tion against four to six times the lethal dose), and in this respect 
should be regarded as a true toxine. Against this, however, 
must be placed its stability when heated, which, according to 
Ransom, is one of its characteristics, and also its relatively 
small toxic action (0*07 grm. of the solid poison is the lethal 
dose for guinea-pigs). Pfeifper, therefore, regards Ransom's 
poison as a secondary prodioct, and is of opinion that its 
reputed antitoxic power is not greater than that of the normal 
serum. 

Metschnikoff, Roux, and Taurelli-Salimbeni 2 brought 
forward the following interesting experiments in opposition to 
Pfeiffer's theory : — They placed 3 to 4 c.c. of a peptone solution, 
part of which contained living vibriones and in part of which 
the micro-organisms had been killed by means of chloroform, in 
sterilised collodion capsules, which were then hermetically closed 
and placed in the abdominal cavity of guinea-pigs. The animal 
treated in this way with the dead vibriones became slightly ill, 
whereas that poisoned with the living micro-organisms perished 
in three to five days with typical choleraic symptoms. . Post-' 
mortem section showed the usual alterations found in cholera, 
but in none of the organs were there any vibriones, although 
these were alive in the capsule. 

Some of the animals survived and then showed an increased 
resistance. 

The inevitable deduction to be drawn from this experifit^ent is 
as follows : — 

In the culture medium contained in this closed capsule which 
thus represented a model intestine, there was formed a poison 
which could diffuse through the collodion membrane whilst the 
vibriones developed vigorously inside the capsule. On the other 
hand, but little poison was liberated from the dead cells — only 
sufficient to produce slight illness. 

^ Behring, **Untersuch. RanBoms iib. die Agglutination der Cholera- 
vibriones," Deutach. med. Woch., 1898, 294. 

2 Metschnikoff, Roux, and Taurelli-Salimbeni, ** Toxine et antitoxine 
cholerique," Ann, Fast,, x., 267, 1896. 
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At first the vibriones showed vigorous increase within the capsule, but 
soon they assumed other forms and then iio longer increased ; they did not 
die, however, but could still be cultivated months afterwards, on nutrient 
media. Passed through the body of an animal after intraperitoneal injec- 
tion they again yielded cultures of a high degree of virulence. 

They then endeavoured to obtain this poison also from culti- 
vations of the vibriones thus made virulent. Old cultures have 
relatively little toxic action, and they, therefore, used quite 
young cultivations of two to twenty-four hours to three or four 
days' growth. 

These when filtered had an average toxicity of 0*3 c.c. per 100 grms. of 
animal. The addition of serum to nutrient liquids increased the degree 
of toxicity and also the development of a torvXa form in the cultivation. 

The poison thus obtained was also stable when boiled, but was 
soon rendered inactive by air and light. When hermetically 
sealed up it kept for a long time. Alcohol and ammonium 
sulphate did not precipitate it. It behaved in a manner 
analogous to Ransom's poison. By injection of increasing doses 
it was possible to produce an antitoxic immunity, which although 
greater than that of normal serum, was yet exceedingly insignifi- 
cant compared with that of diphtheria and tetanus antitoxines. 
In the most favourable case 1 c.c. neutralised six times the 
lethal dose ! In this respect its behaviour is the very opposite 
of Pfeiffer's bactericidal antiserum, obtained by means of im- 
munisation with dead vibrio cells, which is devoid of any 
neutralising effect upon the toxine. This is an argument against 
the view that the dead cells contain any appreciable amount of 
immunising toxine, since otherwise this, when liberated, w^ould 
necessarily show its power of forming antitoxine. 

CouRMONT and Doyon^ also obtained a soluble poison that 
could be filtered ; it had an exceedingly small toxic effect, the 
lethal dose for a rabbit being 4 c.c. (!). It produced hypothermia 
and haemorrhagia, also paralysis and peripheral neuritis. It 
was extremely sensitive to the influence of light and air. Culti- 
vations sterilised at 50° C. proved somewhat more poisonous. 

Hahn,2 on the other hand, employing Buchner's method of trituration 
and expression at a pressure of 4 to 6 atmospheres, isolated from quite 
young cultivations, a cholera plasmine, in the form of a yellowish-brown 
liquid, which when injected in doses of 0*6 to 0*6 c.c. protected guinea-pigs 
after eight days against ten times the lethal dose. Particularly interesting 

^Courmont and Doyon, "Effets de la toxine chol^r." Arch, de Fhya., 
xxviii., 786, 1896. 

^Hahn, *'Immunisierungs- u. Heilversuche mit den plasmat. Zells'aften, 
&c.," Miinch. med, Woch., 1897, 1344. 
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points in connection with these plasmines are that they are only very 
slightly poisonous, and that the immunity that they confer is apparently 
a true bactericidal one ; it is not as yet possible to prove that the active 
substances expressed are those that cause the formation of the bactericidal 
intermediate products. This question is of great theoretical importance 
and will be specially dealt with when we come to consider TuberctUine 
iq.v.). Buchner's plasmines cannot help us in the matter of the poisons 
and antitoxin es of cholera. 

It is not altogether easy to form a definite conception of the 
nature and mode of action of cholera virus from these apparently 
contradictory experimental results. 

For this purpose the question must be formulated in a more 
precise manner in accordance with our theoretical conceptions 
concerning bacterial toxines. 

The question is then no longer: " Do the vibriones produce 
a soluble poison that gives rise to choleraic symptoms?" but 
it is necessary to ask whether they produce a toxine — i.e., a 
poison which enters into combination in a specific manner, and 
eventually produces specific antitoxic immunity. 

When we put the question in this form the following conclu- 
sions may apparently be drawn with some degree of probability 
from the experimental results. 

It appears to be the fact that the vibriones produce a true 
toxine, which is very sensitive to all external influences, and 
even through the ageing of the cultivations undergoes a change 
in a manner that has yet to be further investigated. This toxine 
differs materially, however, from those of the diphtheria type, in 
that it is not, like such ix)xines, secreted in the free state and 
almost without residue by the vibriones, but appears to be 
energetically retained by them intra vitam. We here meet with 
peculiarities similar to those that occur in the case of true 
ferments. While, for example, yeast excretes only one enzyme, 
yeast diastase, it also contains others — e,g,,invertase and maltose — 
which are not given up by the living yeast cell, and can only be 
extracted after the cell has been killed, or after its membrane 
has been ruptured by means of glass powder. 

In addition tx) these the yeast cell also contains E. Buchner's 
zymase, which can only be set at liberty by the very drastic 
means of trituration and expression under high pressure. 

Perfectly analogous conditions are found in the case of the 
inverting enzyme of MonUia Candida, which is also active after 
the addition of toluene, but has not yet been isolated from the 
cell of the mould-fungus by any of these methods.^ 

^ For further details of these "Endoenzymes" see my Ferments and 
their Actions^ Griffin &; Co., London. 
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And the cholera vibrio retains such ferment within itself in 
firm combination, but capable of isolation by drastic means, as 
was shown by Gebet and Hahn when they isolated a proteolytic 
enzyme. In like manner, then, the toxine also appears to be 
firmly combined with the living cell, to be an endotoxine analo- 
gous to the endoenzymea. After the death of the cell, however, 
it passes, partially at all events, into the culture medium, just 
like yeast invertase, so that, as Pfeifpbr has shown, cultures 
killed by thymol, &c., or by drying, give indications of the poison 
they contain. But that the toxine, after the death of the 
vibriones, is really ^ee, dissolved in the medium, and diffusible, 
is shown, again, by the experiments of Metschnikofp, Roux, 
and Taurelli-Salimbeni, in which it was found that living 
vibriones enclosed in a collodion capsule exerted their toxic 
activity outside the membrane. For, without doubt, in an ex- 
periment on these lines, of luxuriant growth on a restricted 
culture medium, a process of death and decomposition would 
take place simultaneously with the development of new vibriones. 
And since in this case the toxine can, immediately after its 
production, exert its activity upon the organism, while itself 
protected from every injurious influence, we may conclude with 
some degree of probability that here the primary true clwlera 
toxine is the active agent. Probably this presumably true toxine 
is also active in cases of real cholera in the living organism. 
And this toxine ought, therefore, also to produce an antitoxic 
reaction in the organism. That this reaction is so slight ought 
not to excite surprise, for, in the first place, the amount of toxine 
thus set free can only be very trifling, so that a high degree of 
immunisation is not to be expected ; and, further, this degree 
of antitoxic activity is lacking in a complete poison that has 
undergone secondary alterations, and, as we shall see below, 
probably contains numerous toxoids, the result being that the 
antitoxic power of the serum must appear too small. Thus the 
cholera vibriones, after death and decomposition, give up part of 
their endotoxine to the culture media ; at the same time it is 
highly probable that they still retain the larger proportion of the 
toxine, just as zymase is retained by yeast. Possibly the method 
of aseptic autolysis tried by Conradi ^ upon typhoid bacilli may 
enable us to prepare the primary cholera poison. 

This primary poison, a trv^ toxine, is extraordinarily sensitive 
to external influences, in which respect it resembles zymase, and 
its full activity can therefore only be demonstrated under con- 

^ Oonradi, **Ueber losliche, durch Autolyse erhaltene Giftstoffe,'* 
DetUach. med, Woch,, 1903, No. 2. 
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ditions as favourable as those of the above-described experiment 
of Metschnikopp and his collaborators. 

A further conclusion to be drawn is that cultivations that 
have been killed contain only a very small amount of the toxine, 
and this accounts for the want of success in the attempts to 
isolate it as a chemical entity, and also the but trifling toxic 
action of the collodion capsules containing the dead cells. 

As the vitality of the cells grows weaker the proportion of 
true toxine present also decreases very rapidly, so that in old 
cultivations or those that have been destroyed there is little 
poison present except that secondary Jheat-reaisting product that 
has been described by various observers. This is certainly no 
longer a true toxine, since it resists boiling and is relatively hut 
slightly poisonous. This poison, too, is only secreted to a small 
extent, but is, at all events, sufficiently stable to be isolated as 
a definite substance distinct from the body cells of the vibriones. 
It has, moreover, a slight power of forming an antitoxine; it 
thus shows all the characteristics that belong to Ehrlich's 
toxoids — viz., greatly reduced toxic capacity, greater stability, and 
the power of forming an antitoxine, as well as of entering into 
combination. 

Hence, from these considerations, we can conclude with so7ne 
degree of probability that the cholera vibrio produces a tru^ toxine, 
an endotoxins, comparable with yeast invertase, which is only 
separated scantily, if at all, from the living cell, and that this 
toxine is extremely unstable, and is very readily transformed 
into a secondary mixture of poisons rich in toxoids. 

At the same time, it is highly probable that, in addition to 
this poison so scantily secreted, the cholera vibrio, presumably, 
like all bacteria, also contains in its protoplasm a simple- won- 
specific bacterial protein, which produces symptoms of inflam- 
mation, as, for example, that of the diphtheria bacUltis. Only in 
this case it is not possible to separate the enzymic poisons so 
quantitatively as in the case of diphtheria, so that it is difficult 
here to obtain objective proof whether any such poisonous protein 
is present, in addition to the specific poisons. 

CHOLERA ANTITOXINE. 

We have shown above that it is probable that there is a cholera 
toxine which produces antitoxine to a small extent. No decisive 
unquestionable proof, however, that the serum of the animals in 
the experiments contains an active antitoxic substance has been 
given ; and so long as cholera antitoxine has not been actually 
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detected in the fluids of the body, the whole question whether 
Koch's vibrio produces a true toxine must be regarded as an 
open one. 

The question whethej or no the seriim of the animals used in 
the experiments confers antitoxic immunity does not necessarily 
coincide with that which is alone important, from the theoretical 
point of view — viz., Does it contain aniitoxine ? This an ti toxine 
may possibly be very unstable, or, owing to its small quantity 
and its great dilution when introduced into the animal, it may 
become inactive. This would explain the negative results 
obtained by Pfeiffer, Kolle, Wassermann, Isaeff, and others 
in experiments on animals, and of Lazarus ^ on convalescent 
cholera patients, assuming that there really exists a cholera 
antitoxine, proof of which has certainly not yet been brought. 

TYPHOID VIRUS. 

Almost the same description might be given of typhoid as of 
cholera virus, only that in this case the experimental material is 
far more scanty, and the question of the existence of a toxine 
and antitoxine has hardly passed the first stages of discussion. 

All that is certain is that typhoid bacilli can, under certain 
conditions, produce true toxine poisoning, and that the bacteria 
must therefore produce an active poison. On the other hand, it 
is equally certain that immunity against typhoid bacilli is essen- 
tially, as in the case of cholera, not antitoxic, but bactericidal, 
and antitoxic immunity, if it occurs at all, is only of slight 
importance. 

Here, too, the history of the investigations of the poison begins with the 
researches of Bbiegeb,^ who first isolated typhotoxine, and subsequently 
his toxalbumin. These and similar preparations are not the specific 
typhoid poison. 

On the other hand, as was found by Beumer and Peiper,^ 
and subsequently by Chantembsse and Widal,^ cultures steri- 
lised at 100° to 120° C. in autoclaves are poisonous, the dose 
being from five to six times that of the living cultures ; the older 
they are the more toxic they become. 

^ Lazarus, " Ueb. antitoxische Wirksamkeit des Blutserums," Berl. Uin, 
Woch.y 1892, Nos. 43-44. 

2 Brieger, Weiteres iiber Ptomaine, Berlin, 1885. 

'Beumer and Peiper, "Bakt. Stud. lib. Typhusbaz.," Zeit. /. Hyg,, 
ii., 110, 1887. 

^ Chantemesse and Widal, "L'immunite contre le virus de la fi^vre 
typhoide," Ann. Past,, ii., 64, 1888. Id., **tt. experim., &c., de I'infec- 
tion typhique," ibid., vi., 765, 1892. 
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Soluble poisons were prepared by Brieger, Kitasato, and 
Wassermann {loc, ciL) by heating the liquid cultures to 80" to 
90** C. and precipitating with alcohol, and also by concentrating 
them at 37° C. before the addition of the alcohol. These had 
slight toxic and immunising properties, while the filtrates were 
absolutely inactive. Sirotinin ^ obtained a poison possessing 
specific{V) activity by filtration^ but Pfeiffer and Kolle's^ 
results were a direct contradiction of this. Bitter's* prepara- 
tion was obtained by extraction with concentrated glycerin and 
evaporation in vacuo at 36° C. • 

Sanarelli * cultivated very poisonous typhoid cultures on 
glycerin bouillon for a month at 36** C, and then sterilised them ; 
these cultures were frequently rendered more poisonous by intra- 
peritoneal injection into mice. From them he isolated, by means 
of maceration for several days at 60" C, a very weak soluble 
poison which produced specific symptoms in the mucous mem- 
brane of guinea-pigs and monkeys, especially that of the intestine. 
The lethal dose for rabbits amounted to 10 c.c. per kilo. There 
was nothing specific, however, in the symptoms in the case of 
this animal. 

Rodet 5 found that filtered typhoid cultivations were slightly 
toxic, causing elevation of temperature and local signs o£ necrosis ; 
the residual cells had hardly any poisonous action. Special 
importance attaches to the results obtained by Chantemesse,® 
who obtained a very active typhoid toxine speedily decomposing 
in the air, by cultivation of the bacilli on an extract of spleen 
which had been digested with pepsin and again neutralised. 
Here, too, we find the same behaviour as in the case of cholera, 
the poison being not completely destroyed at 100" C. — i.e., 
doubtless being converted into a less poisonous, but more stable, 
modification. It is possible that in this case also we have to 
deal with toxoids. 

It acts upon susceptible animals, producing drowsiness, para- 

^ Sirotinin, " Die Uebertrag. von Typhusbazillen auf Versuchstiere," 
Zeit.f. Hyg., i., 466, 1886. 

2 Pfeiflfer and KoUe, ** Ueb, d. spez. Reaktion d. Typhusbazillen," Zeit, 
/. Hyg., xxi., 203. 1896. 

^ Bitter, * ' Ueb. Festig. v. Versuchstieren geg. d. Intoxikation durch 
Typhusbazillen," Zeit.f, Hyg., xii., 298, 1892. 

* Sanarelli, "Etudes sur la fi^vre typhoide exp^rim.," Ann. Past., viii., 
193, 1894. 

' Rodet, ** Sur les propriete's toxiques des cultures des baoilles d'Eberth," 
Soc. Bid., 1., 774, 1898. 

• Chantemesse, "Toxine typhoide soluble," Prog. M^d., 1898, 246; id. 
•'Lttaliches Typhustoxin," fTten. med. BWUer, 1898, 18 et aeq. 
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lysis, and also, especially on intravenous injection, acceleration 
of the pulse and lowering of the blood-pressure. Introduced 
per 08 it is harmless. 

Vincent! found that filtered cultures of Eberth's bacillus 
were very poisonous when injected into the cranium, and that 
even animals rendered immune to typhoid were not protected 
against its action. 

Hens and pigeons are almost refractory, while other animals 
show varying degrees of susceptibility. Kabbits are three times 
as susceptible as guinearpigs. 

Soluble poisons were also found by Martin 2 in filtered 
typhoid cultivations ; he concluded that the poison retained in 
the cells was identical with this. He cultivated the bacilli in a 
bouillon partially prepared from extract of spleen and containing 
alkali albuminate. 

The collodion capsule method has been tried by Rodet and 
GuiiCHOPF,^ but with little success. 

CoNRADi * obtained typhoid poison by aseptic autolysis of the 
bacilli, mixing them with a 0-8 per cent, solution of sodium 
chloride and leaving them for at most forty-eight hours in the 
incubating chamber. In this way he prepared a solution of a 
cell-free poison, which in a dose of 2 c.c. killed guinea-pigs in 
twenty-four hours. 

This method and also that of Macfadyen and Rowland ^ are 
particularly promising for the elucidation of this question in the 
future. Macfadyen triturated the bacteria at the temperature 
of liquid air and thus obtained a poison that caused a^cute 
symptoms, and also, according to his preliminary experiments, 
produced antitoxic immunity. 

This typhoid endotoxine has been described more fully by 
Macfadyen ® in a detailed investigation recently published. It 
was found to be very poisonous. In immunisation experiments 

^ Vincent, "Inoculation intercranielle du bacille Eberth, &c.," Soc, Biol,, 
Iv., 1214, 1903. 

2 Martin, "Die chem. Prod. path. Bakt.," Wien. med. Blatter, 1898, 
No. 26 et seq. 

3 Rodet, A. and G. Gu^choflf, "Versuche die Methode der KoUodium- 
sackchen auf die Kenntnis der toxischen Produkte des Eberthschen Bacillus 
und des B. coli anzuwenden," Soc. Biol., lii., 962, 966, 1900. 

^Conradi, "Ueber losliche, durch aseptische Autolyse erhaltene Gift- 
stoffe," DetUsch. med, Woch., 1903, No. 2. 

'Macfadyen and Rowland, "An intracellular Toxine of the Typhoid 
Bacillus," Proc. Roy, Sac, Ixxi., 77, 1902, also CentroUbl. f. Bakt., xxxiv., 
618, 1903. 

* Macfadyen, "Cber das Vorkommen intracellularer Toxine," Z, fur 
allgem, Phys,, iii., 303, 1904. 
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it bad a protective action against both tbe toxine and infection 
witb living bacilli. 

Whether these soluble poisons are true toxines or toxoids — i,e,, 
whether or no they produce antitoxines in the body — ^is still more 
doubtful than in the case of cholera. Ppeipfer and Kolle 
absolutely deny that there is any excretion of a free soluble 
poison or formation of antitoxine, whilst Bitter concludes fchat 
there is a slight production of antitoxine. On the other hand, 
Chantemesse observed an unmistakable and energetic formation 
of antitoxine, after the injection of his typhoid toxine, especially 
in the case of the horse. 

We have thus, as in the case of cholera, a poison firmly 
retained in the cells of the bacilli, and only to be separated from 
them with difficulty. Our theoretical conclusions must, there- 
fore, with all reserve, be very similar to those we have drawn 
in the case of cholera virus — viz., that there possibly exists a 
typhoid toxine, but that it is hardly excreted in the free state, 
and that the poisons that have been prepared are greatly altered 
secondary products. 

BACILLUS COLI COMMUNIS. 

The only statements that the coli bacillus produces a toxine 
are those of Barba-Morrhy ^ (of whose results only a short 
abstract giving no particulars of the nature of the poison was 
accessible to me), and that of Rodet, who discovered them at 
the same time in typhoid cultures (q.v.). According to Martin's 
results (loc. cit.) the coli bacillus and also Gaertner's B. enteritidia 
appear to behave in quite an analogous manner to the typhoid 
bacillus as regards the production of their poison. 

Vaughan 2 by heating the cells with dilute (1 per cent.) 
sulphuric acid, obtained a poisonous substance which was cer- 
tainly not a toxine. With regard to colilysine, vide supra, 

DYSENTERY. 

CoNRADi (Jtoc, cit) has succeeded, by means of the method of 
aseptic autolysis, in preparing a soluble dysentery poison. 

After eighteen hours' autolysis he obtained poisons which 
killed large rabbits after the intravenous injection of 01 c.c. 
The symptoms were violent diarrhoea, paralysis, decrease of 
temperature, &c. In cases of chronic poisoning with smaller 
doses there were also intestinal ulcers and all the pathological 
and anatomical appearances of dysentery. 

* Barba-Morrhy, Baumgartens Jh., 1897, 403. 

^Vaughan, '*The intracellular Toxines of some Pathogenic Bacteria," 
J. Amer, Med. Assoc., 1903, 828; Biochem. CerUrcUhl., i., No. 1,056. 
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PLAGUE TOXINE. 

The plague bacillus also produces soluble poisons which pro- 
bably belong to the true toxines, although the question is still 
unsettled. 

The filtrates of quite young cultivations have no poisonous 
action, as was shown by the concordant results of the German 
Commission,^ Wernicke,^ Albbecht and Ghon.^ 

On the other hand, toxic properties are developed in old cul- 
tivations (even after five days), and increase with their age. 
The cultures cause death, preceded by emaciation, degenerative 
changes in the liver, and weakness of the heart's action. The 
plague toxine has been most thoroughly studied by Markl. 

Markl* found, first of all, that the cells of bacilli that had 
been killed by chloroform were very poisonous, but subsequently 
made use of the filtrates from bouillon cultures instead, which 
proved fully as poisonous. 

The toxic power was particularly great in the case of old 
cultures that had been grown at a lower temperature (about 
20° C), and it increased up to about the second month, after 
which it became stationary, and then decreased until eventually 
the toxine disappeared. Plentiful admission of air to the cultures 
was most essential. The temperature of incubation had an in- 
jurious effect upon the toxines. 

The lethal dose of the most active poisons amounted to 0*005 
to 0*01 c.c. for mice and to about 0*1 c.c. for rats. 

In the case of these animals the poisoning proceeded rapidly, 
with symptoms of collapse, but without any anatomical altera- 
tion except fatty degeneration of the liver; with rabbits and 
guinea-pigs, however, it only acted in this way when very large 
doses had been given, and otherwise its action was more pro- 
tracted, extending over several weeks. Occasionally a splenic 
tumour and pigmentary atrophy of the liver were produced. In 
the case of a cat he observed, in addition to marasmus, loss of 
hair and wide-spread necroses of the skin. In guinea-pigs it pro- 
duced rigor and extreme lowering of the temperature (25" C). 

^"Bericht der deutschen Pest-Comm.," -4r&. Kaiserl. Oes. Amt., xvi., 
1899. 

^Wernicke, **Ueb. Immun. Vers. b. d. Beulenpest," CentrcUhl,/, Bakt.y 
xxiv., 1894. 

•^Albrecht and Ghon, **Bakt. Unters. iib. d. Pestbac.," Wiener Akad., 
Ixvi., 1898. 

^ Markl, **Beitrag z. Kenntnis der Pesttoxine," CentrcUbl. /. BakL, 
xxiv., Nos. 18-20 (Bibliography), 1898; id,, **Weit. Unters. ub. Pest- 
toxine," ZeiLf, Hyg., xxxvii.,401, 1901. 
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The poison is very sensitive to external influences. Even at 
the ordinary temperature the toxic power of the solutions rapidly 
decreases, and this loss takes place more rapidly at high summer 
temperatures (25** C.) and immediately at 70" C. It is true that 
filtrates thus heated are still poisonous to guinea-pigs and rabbits 
when introduced in large doses, but in quite a different way, 
possibly on account of the formation of toxoids. 

Markl has also endeavoured to purify plague toxine, but his 
experiments (precipitation with alcohol) are little more than 
preliminary. He has found that it is intimately associated, 
like all true toxines, with albuminous substances. 

It is probable that he was dealing, in the main, with 
secondary poisons which are formed in such old cultures. 
They cause a formation of antitoxine, even if only to a slight 
extent. 

KossEL and OvERBECK,^too, succeeded in producing immunity 
by means of filtered cultivations that had been heated to 60" C. 

PNEUMOTOXINE. 

The state of affairs with regard to pneumococcus, the cause 
of croupous pneumonia, appears to be very similar to that found 
in the case of cholera and typhoid. 

The first important experiments throwing light upon the poison 
of this diplococcus were those carried out by the brothers Klem- 

PERER.2 

They attempted to produce immunity by means of cultures 
which, although weakened or inhibited, still contained the cells 
of the cocci ; but they also employed germ-free solutions for the 
purpose. 

They tried not only the simple filtrates from cultivations, but 
also a purulent pleural exudation of which the pneumococcus was 
the exciting cause, and which had been proved experimentally 
to be free from bacteria, in addition to the heated sputum of 
pneumonia patients and glycerin extracts of agar cultivations 
filtered from the cells of the bacteria. 

In this way they obtained fairly weak toxic substances pro- 
ducing no specific effects ; by heating these products to 60° C. 

1 Kossel and Overbeck, *""Bakt. Unters. iiber Pest," Arh. Kaiserl. Ges.- 
AnU., xviii., 1901. 

2 G. and F. Klemperer, " Vers, iiber Immunisiening u. Heilung bei der 
Pneumokokkeninfektion," ^e?-;. klin. Woch., 1891, Nos. 34, .S5 ; G. Klem- 
perer, "Die Bezieh. versch. Bakteriengifte z. Iraraunitat u. Heilung," 
%iLf, klin. Med,, xx., 165, 1892. 
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they succeeded in eliminating their toxic power almost com- 
pletely without destroying the immunising capacity. The serum 
of the animals used in the experiments contained a specific 
antitoxine which neutralised the dissolved poison in vitro and 
after previous injection. At the same time, both the toxic 
capacity and formation of antitoxine were very limited in 
extent. 

Almost identical results were obtained about the same time 
by Fol and Oarbone^ and Scabia,^ who also succeeded in 
producing antitoxic immunity by means of germ-free filtrates 
and glycerin extracts of blood from animals infected with 
pneumonia. 

Belfanti,^ too, produced immunity, though only to a very 
slight extent, by means of filtered germ-free sputum. 

FoA also succeeded in separating the immunising principle by 
precipitation with alcohol or ammonium sulphate. 

Pane* found filtered cultivations to be very slightly poisonous. 
W ASHBOURNE^ statos that he, too, was able to produce immunity 
with filtered cultures. 

IsAEFF® found that pneumococci produced only slightly toxic 
products in the ordinary culture media, but that their toxic 
power could be considerably increased by frequent, at least 
twelve, passages through rabbits. From the blood of the heart 
of such rabbits he obtained, by the addition of 1 per cent, of 
glycerin and some sodium carbonate, followed by filtration 
through a Chamberland filter, a poison which killed rabbits when 
introduced in the proportion of 1 per cent, of their body weight, 
and was greatly weakened when heated at 70** C, and destroyed 
at lOO'' C. The fluid from the peritoneum of such animals was 
very poisonous, but not fatal, after being sterilised by heat. 
Although he, too, produced a certain degree of immunity by 
means of germ-free filtrates, he yet asserted that he was abso- 
lutely unable to observe any antitoxic immunity, and that it was 
only antibacterial. 

^ Fo^ and Carbone, "Sulla immunity verso 11 diplococco pneumonico," 
Oazz. med. di Torino, 1891, 1 {GentrdlbLf, Bakt., x., 768). 

^ Fo^ and Scabia, ** Sulla immunity della pulmonite," ibid., 1892, 13-15 
(CentrcUhl. f. Bakt,, xi., 615). 

' Belfanti, ** Sulla immunisazione per mezzo di filtrati di sputo pneu- 
monico," Btf. Med., 1892, 126 {CentrcUU. f, Bakt., xii., 401). 

* Pane, " Ueber d. Heilkraft d. antipneumoii. Serums," CeiUralhl. /. 
Baht., XXL, 664, 1897. 

^ Washboume, ** Experiments with the Pneumococcus," Jouim. of Path,, 
iii. , 142 ; Baumgartena Jh. , 1 896, 62. 

^ Isaeff, " L'immunit^ contre le pneumocoque,"^TOn. Pa«^., vii., 269, 1893. 
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Mennes^ obtained toxines which, in large doses, caused death, 
preceded by fever, diarrhoea, and loss of weight ; he claims to 
have produced antitoxic immunity by means of innoculation 
with cultivations weakened at 50° C; the serum is stated to 
neutralise the toxine in vitro, 

Caknot 2 succeeded in producing typical croupous pneumonia 
by intrapulmonary injection of 2 to 6 drops of pneumotoxine. ^ 

Cabnot and Fournier^ were able to keep pneumococci alive 
and virulent for a long time, when they used as culture media, 
blood, serum, or, still better, fresh cerebral substance, while 
sterilised culture-media prepared from these were less satis- 
factory. They separated without delay, by means of dialysis, 
the toxines that were formed, and in this way obtained poisonous 
dialysates, which they concentrated by evaporation in vacuo, or 
by precipitation with nascent calcium phosphate. The symptoms 
produced by them were similar to those caused by poisoning 
with the living cocci. The same investigators * found that their 
poison had an intense action upon the muscular tissue of the 
heart and blood-vessels ; even after the introduction of small doses 
very acute inflammation and perforations were produced. 

The general conclusion to be drawn from all these observations 
is that the existence of a secreted true pneumotoxine has not 
been established beyond doubt. 

GONOCOCCAL POISON. 

The gonococcus also produces a poison which appears to belong 
to the group of cholera-typhoid poisons inasmuch as it only 
passes to a slight extent into the culture fluids, and rather is 
mainly retained in the bacteria, and is probably only given 
up in a slight degree to the liquid media after the decomposition 
of the cells. The first investigations into this poison were made 
by A. Wassermann.5 

He succeeded in cultivating the gonococci on a nutrient 
medium which was prepared from pig's serum, to which had been 

^ Mennes, ** Das Antipneumokokkenserum," Zeit.f. Hyg,, xxv., 413, 1897. 

2 Camot, "Reprod. exp^rim. de la pneumonic fibrineiise," Soc, Bid,, 
li., 927, 1899. 

'Camot and Fournier, **Sur le pneumocoqiie et ses toxines," Arch, 
Med, Exper,, 1900, 357. 

^ Camot and Fournier, ''Lesions Cardiaques et musculaire par la toxine 
pneumon.," Soc, Bid., lii., 143, 1900. 

*A. Wassermann, **Ck)nokokkenkultur und Gonokokkengift," Berl, 
Jdin. Woch.y 1897, 686; "Weitere Mitteilungon liber do.," Zeit, f. Hyg,, 
xxvii., 298, 1898. 

11 
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added 2 per cent, of nutrose, and contained peptone and serum 
albumin as necessary ingredients. 

While he found that the living gonococci distributed in a 
physiological solution of salt had absolutely no toxic effect upon 
animals, the sterilised culture, on the other hand, had a fairly 
energetic poisonous influence, and killed the animals by periton- 
itis- on intraperitoneal injection, though it also produced, e,g,^ 
keratitis with hypopyon in the eyes, &c. 

The filtrate had but a slight poisonous action. Hence it would 
seem that the poison, just as in the case of cholera, is retained 
within the cells. In its resistance to heat, even at the tempera- 
ture of boiling, it also resembles the so-called cholera poisons. 

Very similar results were obtained, independently of Wasser- 
MANN, by NicoLAYSBN,! who, by means of sterilised, non-filtered 
cultivations, produced purulent gonorrhoea in animals. 

He found the lethal dose for a mouse to be 0-3 c.c. He, too, 
is of opinion that the poison is firmly retained within the cells, 
for he was unable to separate it either by extraction with dis- 
tilled water or with dilute soda solution. 

Almost simultaneously Schapper^ succeeded in obtaining from 
a cultivation of four days' growth an aqueous decoction of ascites 
and flesh, a poison which, after filtration through a porcelain 
filter, produced on the urethral mucous membrane acute sup- 
puration which rapidly disappeared. At about the same time 
the question of gonotoxine was studied by Christmas.^ He 
obtained, by means of filtration through porcelain, from cultures 
of ten to fifteen days' growth, in media of ascites and bouillon, 
a poison which he was able to concentrate by precipitation with 
alcohol. He also prepared a poison by evaporating the cultures 
with glycerin at 50" C. This was stable at 50" C. to 70* C, and 
could be kept for six months in the dark. It had a very virulent 
effect upon animals, producing, in addition to local inflammation, 
cachexia, ending in death. It only acted upon the mucous 
membrane of the urethra in the case of man, 

Christmas* subsequently made a new investigation of the 
subject. He found that the living gonococci contained poison, 
but that, on the other hand, the dead cells yielded none when 
macerated at 20" C. He cultivated the gonococci on a nutrient 

^ Nicolaysen, **Zur Pathogenitat und Giftigkeit der Gonokokken," 
CerUreUhl.f, Bakt., xxii., 306, 1897. 

^Schaffer, «*Beitr. z. Frage d. Gonokokkentoiane,*' Fortschr. d, Med., 
1897, 813. 

* Christmas, ** Le Gonocoque et sea toxines," Ann, Past,, xi., 609, 1897. 

* Christmas, **Contrib. a P^tude du Gonococcus, *' Ann, Past,, xiv., 331, 
1900. 
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medium consisting of 75 per cent, of ascites and 25 per cent, of 
bouillon, and filtered the cultures through talc on the filters or 
through kieselguhr, since the porcelain filter retained the poison. 
The maximum of toxic power was reached on the twentieth day. 
He then precipitated the poison with ammonium sulphate or 
alcohol. If subsequent dialysis was employed the symptoms of 
poisoning, it is true, were different, but the lethal dose remained 
unaltered. 

The poison was completely destroyed at 75* to 80* C, but 
could resist a temperature of 60* C. 

Its action, on subcutaneous injection, was very weak, the 
lethal dose for guinea-pigs being 5 to 10 c.c. On the other hand, 
it acted very energetically after intercerebral injection, producing 
convulsions and dyspnoea, and killing a guinea-pig, even in a dose 
of 0*002 c.c, within six hours. 

It is stated to possess strong immunising properties, affording 
protection up to one hundred times the dose of poison after 
intercerebral injection, but to a much smaller extent after sub- 
cutaneous injection. This antitoxic immunity has not been 
observed in the smallest degree by other investigators. 

MoLTSCHANOPF ^ prepared a toxine from a culture in hydrocele 
fluid and yeast peptone bouillon. He made use of unfiltered 
cultures, which he sterilised at 70* C. He made a special study 
of the action of the poison upon the central nervous system, but 
I cannot give the details of his results here. 

Grosz and Kraus^ and Scholtz^ absolutely deny -the specific 
nature of gonotoxine, and simply regard it as a non-specific, pus- 
producing bacterial protein; they point out that Schaffer's 
urethritis, at all events, can also be produced by the living or 
dead cells of other bacteria (pyocyaneus, coli, &c.). 

We have, therefore, again to draw the same conclusions about 
gonococci poison as in previous instances. The existence of 
a specific antitoxine-producing gonotoxine has not yet been 
proved. 

STREPTOTOXINE. 

In considering the metabolic products of the streptococci we 
meet with the same obscurity as in the case of gonotoxine. The 
existence of a true antitoxine-forming toxine is still open to 
question. 



"Ueber das Gonokokkentoxin und seine Wirkung auf 
das Gentralnervensystem," MUnch. med. Woch., 1899, 1013. 

^ OroBZ and Kraus, " Bakteriol. Studien tiber den Gonococcus," ArtKf* 
Dermatol., xlix., 3, 1899. 

' Scholtz, **Beitr. z. Biologie d. Gonoooooua," (bid. 
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Certain investigators categorically deny that streptococci 
produce any specific poison at all. 

Aronson 1 not only found the sterilised filtrates from cultures 
of streptococci to be devoid of toxic power, but was also unable 
to detect any poison in the sediment of cells of the cocci that 
had been killed by chloroform ; local infiltrations were the only 
results of his inoculations. The existence of a streptococci 
poison is also denied by de Giaxa and Panb.^ 

At the same time, so many investigators have found poisons, 
at all events, in streptococci cultivations, that further proof is 
required before this radical conclusion can be accepted. 

One of the first poisons to be demonstrated in filtered cultures 
was found by Manpredi and Traversa ^ in cultivation of 
erysipelas streptococci, grown preferably at 28° to 30° C. They 
described it as a readily oxidisable poison, which produced 
convulsions and paralysis, and soon became inactive on ex- 
posure to the air. In like manner poisonous metabolic products 
of streptococci were found in filtered cultures by Roger, ^ 
Marmoree,^ HoMfeN,* Friedrich,^ Laitinen,® Claude,^ Paras- 
CANDALO,^^ and Schenk." 

As regards the nature of the poison little or nothing is known. 
Roger precipitated his poison from the cultivation by the 
addition of ten times the volume of alcohol, redissolved the 
precipitate in a solution of common salt, and endeavoured to 

^Aronson, **Ueber Antistreptokokkensenim," BerL Jdin, Woch., 1896, 
717. 

2 de Giaxa and Pane, " Contribute alia cognizione suUa immunis. centre 
la infez. da streptococco," Riform, Med.y xii. [4], 5; Baumgartens Jh,, 
1896, 23. 

^ Manfred! and Traversa, " SulPazione dei prodotti di cultura dello 
streptococco," Giom. Inter, delle Scienze Medichet 1888. 

* Roger, "Action des produits solubles streptocoque d'erysip^le," 8oc, 
Biol,, xliii., 538, 1891. 

'^ Marmorek, "Le streptocoque et le s^rum antistreptococcique," ilnn. 
Past,, ix., 693, 1896. 

• Hom^n, De Taction du streptocoque et de ses toxines sur les nerfs," 
8em, 3f^., 1896, 211 (Soc, Bid,, xxiii., [5], 1896). 

^ Friedrich, ''Beobacht. lib. d. Wirkung von subkutan einverleibten 
Streptokokken-Toxinen, kc," BerL Jdin, Woch., 1895, 1065. 

* Laitinen, **Da8 Streptokokken toxin u. seine Wirkung auf das Nerven- 
system," C,f, allg, Pathol, , 1896, 358. 

• Claude ''Myelite aigue par toxines streptocoq," Soc, Biol,, xlviii., 122, 
1896. 

1® Parascandalo, **E. neue Versuchsreihe lib. de Serotherapie bei Infek- 
tionen mit pyoeenen Mikroorg," Wiener Hin, Woch,, 1897, 937. 
* " Schenk, **ueb, Streptok. -Serum und Streptok.-Toxine," Wien, Jdin, 
WocJi,, 1897, 937. 
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obtain by means of this preparation, insoluble in alcohol, the 
typical general symptoms produced by the living cultivations. 
His "poison "had, however, only a slight toxic activity (13 to 
20 c.c. per kilo, of body weight); it was weakened, but not 
destroyed, at 104'' C. 

Most of these investigators, however, simply contented them- 
selves with investigating the toxic action of filtered cultures^ or 
of cultures after sterilisation at 65" to 70** C, or by the addition 
of 0*5 per cent, of phenol. 

ScHENK alone (loc. cit.) endeavoured to obtain a purer prepara- 
tion by means of precipitation with zinc chloride and subsequent 
treatment by Brieger's method. 

Marmorek found that the toxine was weakened even at 58° C. 
But the most important question, whether the poison thus 
obtained does or does not produce antitoxic immunity against 
the streptococcus, has not yet been definitely settled. 

Roger Qoc, dt.) found that his poison not only failed to pro- 
duce any immunity, but that it even increased the susceptibility 
to infection. 

SiEBER-ScHOUMOWA^ was unablc to effect immunisation by 
means of filtered cultures. 

On the other hand, Laitinen {loc. cit) cultivated streptococci 
on a 5 per cent, bouillon of peptone containing 2 per cent, of 
glycerin and 0*3 per cent, of ordinary salt, and having an alka- 
linity of 0*2 to 2 per cent., and precipitated from these cultures 
by means of ammonium sulphate or amyl alcohol toxine prepara- 
tions, which, when injected into the peritoneum in the proportion 
of O'l to 0*4 c.c, or even of 0*01 c.c. on direct injection into the 
nerves, killed large rabbits, while they also had the power of 
conferring a certain degree of immunity against infection. 

Parascandalo {loc, cit) laid special stress on the point that he 
was best able to produce immunity against streptococci by means 
of soluble toxines. 

He cultivated them on sugar bouillou, and, after sterilising them by 
means of 0*6 per cent, of phenol, filtered the cultivations after twenty-four 
hours through paper. He had found that simple filtration through porce- 
lain did not remove all the living micro-organisms, which was also the case 
on heating them to 60** or 70" C., although a higher temperature injured 
the toxine. By making the first inoculations with the filtrates of young and 
only sliffhtly toxic cultures, he was able to immunise animals gradually 
against large doses of very poisonous cultures, and in this way obtained a 
true therapeutic serum. 

^ Sieber-Schoumowa, '*Le8 scrums therapeutiques anticocoiques," Arch» 
des Sciences Biol., iv., 415, 1896. 
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Yet even his results are open to question, inasmuch as it has 
been found by Schenk (loc. cit.) that 0*5 per cent, of phenol is 
also insufficient to kill all the micro-organisms. He found that, 
although the cultures were apparently sterile, there were yet 
some living micro-organisms in the blood of the heart of the 
poisoned animals, so that it is quite possible that Pabascandalo 
produced immunity by means of isolated, weakened, but yet 
living streptococci. Simon,^ too, was only able to detect the 
production of toxine after the decomposition of the cells. Thus 
proof has yet to be brought of the existence of streptotoxine, and 
the question is as open as that of gonotoxine. 

THE POISON OF THE TUBERCLE BACILLUS. 

The poisonous substances produced by the bacillus of tubercu- 
losis require separate treatment for the following reasons : — In 
the case of other poison-producing bacteria the true toxines, or 
rather those specific poisons that it is possible to describe with 
more or less certainty as of the nature of toxines, can be 
separately described and differentiated from the so-called bac- 
terial proteins, in the wider sense, that remain behind in the cells 
of the bacilli themselves after the extraction of these poisons 
which the micro-organisms have produced. This sharp differen- 
tiation is not possible on historical grounds in the case of tuber- 
culosis, for since the time when the poisons of the tubercle 
bacillus were first seriously studied, it has been the almost 
invariable practice to investigate both kinds of poisons without 
separating them. 

The first preparations of tubercle poison, and notably R. Koch's 
tuberculine, were thus a mixture of all the specific and non-specific 
poisonous products of this bacillus, and no investigation was made 
to determine the question of the existence of a true toxine. At 
that time, too, it was not possible to formulate the question in 
such precise terms, since the definition of a true toxine, and of 
the true antitoxic immunity that it involved, had not then been 
given with sufficient clearness. 

These toxic preparations, therefore, consisted of the more or 
less altered substances of the cell itself. In addition to these, 
however, they also undoubtedly contained other toxic products, 
some of which possibly we must regard as primary secretion 
products, and eventually as true toxines, and others as secondary 
products of a simpler nature, with which we shall also deal later. 

^ Simon, **Cber die Gifte der Streptococcus," CentralU,/, Bakt,, xxxv., 
318, 1904. 
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Here we must first determine whether there is a true tuber- 
culosis toxine. 

Until quite recently the only preparations actually tested with 
regard to this point were those of Maragliano.^ By means of 
filtration through bacterial filters he obtained from fresh cultures 
grown at the ordinary temperature a poisonous bouillon, which 
in large doses caused death, preceded by hypothermia and sweat- 
ing. The poison was destroyed at 100" C. Similar insignificant 
results were obtained by Bernheim^ with cultures filtered 
through a Kitasato filter. 

Maeagliano and his pupils also prepared therapeutic sera and 
antitoxines against tuberculosis, but he himself concluded that 
the antitoxine did not have a direct neutralising effect upon the 
"toxine," but only acted as a stimulus to other therapeutic 
forces ; hence it loses all interest for us. 

These experiments appeared of great importance, and their 
results were very thoroughly tested as regards their thera- 
peutical application, though without any material success. But 
this did not do much to advance the knowledge of the toxine 
question itself. 

Lbdoux and Lebabd ' also found in cultivations that had been filtered 
through a Ohamberland filter substances which had, it is true, a pyroeenic 
and toxic effect on intraperitoneal injection, but their action was so slight 
that they were inclined to attribute it exclusively to the culture medium 
itself. 

More recently the results of an investigation into tuberculosis 
toxine have been published by Fbeneel and Bronstein.^ They 
cultivated tubercle bacilli on a glycerin bouillon of 5 per cent, 
strength, and thus obtained solutions of poison which, after 
being freed from the bacilli by filtration, killed a guinea-pig in 
a few days when injected in a dose of 1-5 to 2 c.c. 

The poison was rapidly weakened by light and air. They 
prepared it in a concentrated form by means of precipitation 
with alcohol. 

They claim to have produced immunity by means of inocula- 

^ Maragliano, '*Heilungd. LungentuberkulosedurchHeilserumtherapie," 
Berl. klin. Woch., 1895, 689; id,, <*Ueber das tuberkulose Heilserum u. 
seine Antitoxine," ibid,, 1896, 773; td., "Udb. d. Tuberkelantitoxin," 
McUye Jb., 1900, 1044. 

. ^ Bemheim, *'Immun. tuberc. et s^rumth^rapie," 8oc, Biol,, xlviii., 291, 
1896. 

* Ledoux and Lebard, ** De Taction sur la temper, du bouillon des 
cultures tuberc," Arch, d, MH, Exp&r,, x., 601, 1898. 

* Frenkel and Bronstein, **Ueber Tuberkulosetoxin und Antitoxine," 
BerL klin. Woch,, 1901, 861. 
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tion with this poison, not only against all the tubercle poisons, 
but also against the protein. 

The chief point that makes one sceptical of the results of these 
investigations is that the filtrates of the cultures had so slight 
a toxic action. The authors had practically nothing more than 
tuberculine in their hands, and this is fairly poisonous when 
employed in the same manner. None of the investigators deter- 
mined whether he had obtained a specific toxine which produced 
in the organism an antitoxine acting only against the toxine 
itself. An antitoxic immunity against the proteins is a priori 
hardly conceivable, but, in any case, could not have been pro- 
duced by the supposed true toxine, and it is just this omnipotence 
of the "anti-bodies" of these therapeutic sera that lays these 
statements open to the gravest suspicion. It is quite certain 
that the existence of a true haptophore toxine of the tubercle 
bacillus has 7U)t been proved by these experiments. 

On the contrary, it appears more and more probable that the 
tubercle bacillus does not produce any true toxine in the sense 
(rf our definition. Hence, notwithstanding its intrinsically very 
great importance, we can only deal briefly here with the subject 
of the tubercle poisons. 

TUBERCULINE. 

Under this name are included preparations of different kinds, 
having in common the characteristic that they are obtained from 
cultures of tubercle bacilli, and contain their bodies in a nearly 
unchanged condition. 

• These substances are probably, for the most part, not true 
toxines. They are, as is shown by their mode of preparation, 
proteids resisting heat, closely allied to the albumoses, and 
possibly possessing a certain amount of specific activity. Their 
chemical nature and relationship to the albumoses has been 
thoroughly studied by Kuhne.^ They have but little toxic 
action upon a healthy organism, but bhey produce considerable 
reactions in tuberculous subjects. 

The original tuberculine of Robert Koch ^ was prepared from 
a culture of tubercle bacilli grown at 38° C. on the surface of 
a 4 per cent, glycerin bouillon to which as much air as possible 
was admitted. After six to eight weeks the cultivations were 
evaporated to a tenth of their volume, and filtered through a 

^ Kiihne, "Erfahrungen iiber Albumosen u. Peptone," Z.f, Bid,, xxix., 
24,1892; xxx., 220, 1894. 

■^ R. Koch, ** Mitt, iiber ein Heilmittel gegen Tuberk.," DeutacK med, 
Woch,, 1891, 101, 1189. 
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porcelain filter. The extract thus obtained, containing 40 per 
cent, of glycerin, was very stable. 

After mauy fruitless attempts Koch abandoned the idea of further 
purification. His method has been frequently modified. Nocard^ first 
heated the cultures to llO*" 0. before treating them in the same way ; he 
contented himself with filtration through paper, since his preparations 
were obviously already sterile. Mabagliano,^ and, subsequently, Fbenkbl 
and BRONSTfiiN (loc. cit.)^ used a method of boiling, eventually in auto- 
claves, in the preparation of products very similar to tuberculine. 

Be BRING ^ extracted from tuberculine a substance akin to 
mucin by means of soda solution, and fatty substances by means 
of ether, and in this way claimed to have obtained a preparation 
about twenty times as poisonous as before. 

Niemann,** too, has endeavoured, though without any particular success, 
to obtain strong tuberculine preparations by precipitation with alcohol. 

As regards the toxic value of these preparations the results 
obtained by these investigators have been supplemented by 
Gramatschikoff,^ who proved that tuberculine was a blood 
poison, and by v. Lingelsheim,^ who proposed to determine a 
normal unit of toxic activity by means of intercerebral injections. 

Carri^jre^ found that fairly considerable alterations in the 
liver and kidneys followed the injection of tuberculine. 

Peiper 8 found that in non-tuberculous subjects it had a con- 
siderable pyrogenic effect, but was only slightly toxic. Even 
doses of 01 grm. produced only insignificant symptoms, such as 
pains in the head and limbs, &c. 

All these experiments were put upon a new basis by the fact 
that the attempts to extract the poisonous substances in an un- 
altered form from the tubercle bacilli were largely abandoned 
in favour of experiments with the bacilli themselves. Koch^ 

^ Kocard, " Des injections revelatrices de la tuberculine," Bee. de Med, • 
Vet., Ixxii., 369; Baumg. Jb.y 1895, 705. 

^ Maragliano, **Extrait aqueux des bacilles de la tuberc. ," /Soc. Biol.f 
1., 94, 1898. 

' Behring, " BekampfungderTuberkulose,"ilf wncA.mcd. fToc^., 1898,580. 

* Niemann, "Ueber Tul^rkuloseheilserum," Munch, med. W^oc^., 1897,69. 
'^ GramatschikoflF, ** Ueber einige physiolog. Wirk. des kochschen Tuber- 

kulins," Arb. poUhol. hist, Tubingen, i., 287 ; Baumg. Jahrb., 1897, 548. 

* V. Lingelsheim, ** Ueber die Wertbestimmung der Tuberk. Giftpra- 
parate," Deutach. med. Woch., 1898, 583. 

' Carri^re, "fetude exp^r. des alterations histolog. du foie, &c.," Arch. 
Med. Exp&r., ix., 65, 1891. 

. ^ Peiper, "Ueber die Wirkung des Kochschen Mittels auf Gesunde," 
Deutch. med. Woch., 1891, 160. 

* B.Koch, **Ueb. neue Tuberkulinprdparate," Deutach. med, Woch, 
1897, 209. 
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started frdbn the observation that dead tubercle bacilli remained 
undecomposed in the body for a very long period, and were 
therefore not absorbed. But, according to him, so long as they 
retain their form, immunity against i£e bacilli cannot be pro- 
duced; and it is only after their decomposition, but too late 
for any curative action, that a slight bactericidal immunity is 
attained. Koch, therefore, endeavoured to get nearer to his 
goal by breaking up the bacilli and using an emulsion of their 
cell constituents for the inoculation. For this purpose he first 
dried the bacilli rapidly, and then triturated them mechanically. 
The masses were treated with distilled water, and repeatedly 
subjected to centrifugal force. The first portion separated was 
soluble in water, but was not only non-poisonous, but also devoid 
of any immunising power (T.O.). It was only the second and 
third " centrifugates " that contained the substance with specific 
action. These preparations were termed **T.R." by Koch. 
They were found to possess immunising and therapeutic powers 
without any particular toxic action, and notably without abscess 
formation or inflammation. It was found best to use young 
cultivations dried in vactto, and to protect the preparations from 
light as far as possible. 

H. BucHNER,^ working alone and also in collaboration with 
Hahn,2 isolated from the bacilli by means of E. Buchner's 
method of applying enormous pressure, expressed fluids ^^plas- 
minea^^ with which he believed that he obtained specific eflfects, 
although he himself regarded the question as still unsettled. 

Bbhring ' described a poison obtained by means of glycerin 
water at 150° C. from the finely-divided bacteria after extraction 
of the fat, and stated that 1 grm. of this was sufficient to kill 
1,250 mice. It was neutralised by the serum of a cow cured of 
tuberculosis (antitoxine formation ?). 

Landmann * claimed to have discovered an active tubercle poison in his 
^Hvberhdol" and asserted that it destroyed a gxiinea-pig of 250 grms. when 
injected in a dose of 0*1 grm. 

He macerated tubercle bacilli for a long time at 40° C. with a physio- 
logical solution of salt, distilled water and glycerin ; then decantea the 

^H. Buchner, **Zur Koch's Mitt, iiber neue Tuberkulinpraparate," 
BerL Uin, Woch,, 1897, 322; id,, "Die Bedeutung d. aktiven losL 
Zellprodukte, &c.," Milnch. med, Woch., 1897, 12. 

^Hahn, "Immun. u. Heilungvers. mit den plasmat. Zells'aften," MUnch. 
med, Woch,y 1897, 1344. 

'Behring, "Autoreferat fiber den Vortrag in Madrid," Dtutach, med. 
Woch., 1898, 293. 

* Landmann, ** Ueb. eine neue Meth. der Tuberkulosetoxin-Behandlung," 
Hyg. Rundschau, x., 168; Centrom.f, Bakt., xxvii., 280, 1900. 
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r 
liquid, and treated the residual bacilli in the same way successively at 50**, 
60 , &c., up to 100° C. The different extracts were then unit^ and mixed 
with culture fluid, and the whole evaporated at 37^ C. in vacuo and filtered 
through porcelain. In this way he ootained a mixture of all the products 
of the tubercle bacilli, including both the tpxines destroyed by heat as 
well as the hot-water extracts, with the proteins. He claimed to have 
produced therapeutic results by means of this mixture. It is obvious that 
such mixtures as this cannot advance our theoretical knowledge. 

Subsequently Koch,^ in a later research, published a new 
method of making tuberculine preparations. 

He triturated O'l ^rm. of the absolutely dry tubercle bacilli in an agate 
mortar with a solution of 0*5 grm. of phenol and 0*85 grm. of sodium 
chloride in 100 c.c. of water, a few drops being used at first, and then 
more and more of the liquid until the total amounted to 100 c.c. The 
mixture was then whirled for six minutes in a centrifugal machine, 
decanted from the deposit, and diluted with ten times its volume of the 
solution, so that eventually the liquid contained in a litre the extract from 
0*1 grm. of tubercle bacilli. 

This liquid was rendered turbid by the addition of agglutinating serum. 
By itself it also served the purpose of diagnosis. 

The question of the nature of the poisons of the tubercle 
bacillus was thoroughly studied by Ruppbl.^ He found, first 
of all, that the filtrates were absolutely non-specific, and, with 
the exception of albumoses, chiefly deuteroalbumose, was unable 
to discover anything toxic in them. Nor was he more successful 
in his attempts to isolate any specific poison from the bacilli by 
extraction. This really gives a definite answer in the negative 
to the question whether there exists a soluble specific toxine of 
the nature of diphtheria toxine. 

On the other hand, he isolated from the crushed bacilli two 
poisonous substances — viz., a nucleic acid containing 9*42 per 
cent, of phosphorus, tuberculinic CLcid, and also a protcMnine, 
which he recognised as such by its being precipitated with 
picric acid, and termed tuberculosamine. The proportion of the 
finely-divided bacilli dissolved after treatment in a centrifugal 
machine amounted to 50 per cent. The solution gave no proteid 
reactions and probably contained only a compound of the nucleic 
acid with the protamine. According to Neufeld,^ however, 
the action of tuberculosamine is absolutely non-specific and v. 
Lingelsheim's method of valuation {vide supra) cannot be used. 

^Koch, "Ueb. d. Agglut. d. Tuberkelbacillen," Deutsch. med, Woch.. 
1901, 829. 

'Ruppel, " Zur Chemie der Tuberkelbazillen," Z, /. phys, Chem,, xxvi., 
218, 1898. 

' Neufeld, " Zur Werthbestimmung der Tuberkulosepr&parate," Deutsch, 
med. Woch,, 1899, 13. 
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BUPPEL and Kitishima^ made a further investigation of 
tuberculinic acid. It was from three and a half to four times as 
poisonous as dry old tuberculine. It was much more poisonous 
on intercerebrai injection, especially in the case of tuberculous 
guinea-pigs (1 grm. killed 40,000 kilos.). Other nucleic acids 
were less poisonous. Tuberculinic acid prepared by the older 
somewhat drastic method of Kossel was found to be five times 
less poisonous than the new preparation. Ruppel and Kiti- 
SHIMA then prepared from tuberculinic acid by KosseFs method, 
a substance similar to thymic acid, tuberculothymic acid, " 1 c.c. 
of which contained as much poison specific for tuberculous 
individuals as 20 c.c. of Koch's tuberculine" (Behring), and 
also a still more simple poisonous substance of as yet unknown 
nature, tuberculosine, 1 grm. of which was equivalent to 25 to 
30 C.C. of Koch's tuberculine. 

According to Behring this represents the poisoii-nucleua, 
around which the other substances are grouped in some way or 
other, and without which there can exist no poison with the 
specific action of tuberculine. 

Important as these researches are with respect to the toxic 
action of the tubercle bacilli, they have yet little claim upon our 
attention here, since there can be no question of these substances 
obtained by drastic chemical methods being true toxines. 

A further objection to drawing comparisons between these 
poisons and diphtheria poison is that the former are relatively 
only slightly poisonous at all events to the healthy organism. 

There is never a,ny formation o/antitoxme in the case of these 
poisons. 

Tuberculine is invariably but slightly poisonous to a healthy 
organism, and its toxic action can be still further reduced 
by processes of purification without injuring its specific 
activity. 

On the other hand, it has frequently been shown by Romer,^ 
BuOHXER,^ and others that the action of tuberculine, as regards 
its toxic effects, is non-specific. The same pyrogenic and local 
inflammatory symptoms could also be produced, in the same 
degree, by the proteins of other micro-organisms {pyocyaneuSf 

^Behring, Die Diphtheriey Berlin, 1901, 91 ; see also Behring, "Ueber 
die spez. giftigen Eigensch. d. Tuberkulinsaure," Berl, Idin, Woch.y 1899, 
537. 

2 Romer, " Ueb. d. formativen Reiz d. Proteine Buchners," Berl, klin. 
Woch,y 1891,886; ** Tuberkulinreaktion d. Bazillenextrakte," Wien. klin. 
Woch.y 1891, 835. 

• Buohner, **Tuberkulinreakt. d. Proteine nicht spezif. Bakt," Miinch, 
med. Woch., 1891, 841. 
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prodigiosusy pneumobacilltis) that had been prepared in an 
analogous manner. 

It is thus hardly conceivable that the old tuberculine prepara- 
tions should possess any specific toxic activity. 

Moreover, their specific protective activity is scarcely to be 
attributed to an antitoxic process. There appears, rather, to 
be a liberation of specific bactericidal protective forces, by means 
of these specific proteids, whether it be that by this treatment 
similar substances are set free and can be utilised, just as specific 
bacteriolytic processes are also brought about in the case of 
cholera, &c., by such substances — viz., the receptors of the bac- 
teria, which concentrate their activity upon the intevniediate 
products as defined by Ehrlich; or whether we have here to 
deal with specific proteids concentrating their activity upon the 
precipitines or agglutinines, which act upon the bacilli and are 
able to bring about specific reactions of a protective or curative 
nature in the diseased organism. The fact that specific agglu- 
tinines were present in the serum of tuberculous subjects vftis 
made known by Arloing and Courmont, and more recently 
confirmed by Koch in another way (inde supra). It would 
thus seem conceivable that the substances extracted from the 
bacilli were in this case able to bring about bacteriolytic 
processes similar to those produced by the whole bacteria in 
the case of choWa, typhus, rinderpest, &c. There has, as yet, 
been no sufficient reason for concluding that in these immunising 
processes a separate position is occupied by inoculation with 
unbroken bacteria, since these delicate organisms are readily 
absorbed, und when decomposed within the body bring about 
the curative immunising processes. And the only attempts to 
produce immunity with " plasmines," in the case of cholera 
(Hark, loc, cit.\ also support the view that in those cases 
bactencidal, not antitoxic, phenomena play the chief part. On 
the other hand, the tough tubercle bacilli protected by a thick 
membrane of fat-like substance {cf, Ruppel, loc, cit.) are, as 
Koch has shown, attacked either not at all or only with great 
difficulty in the organism, and are thus incapable of bringing 
about any bactericidal immunising processes. It has, however, 
been shown by Koch that slight phenomena of bactericidal 
immunity appear during their ultimate decomposition. It 
would appear, then, that by drastic means, especially mechanical 
trituration of the bacilli and injection of the extracts obtained 
from them, substances are liberated which lead more rapidly to 
the production of antibacterial immunity. Still more effective 
is the crushing of the bacilli and expression of their cell content, 
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which causes a still more plentiful liberation of those specific 
receptors, which can then develop their specific reactions in the 
organism. These intermediate bodies, however, withstand heat 
and can thus resist high temperatures at which a true toxine, which 
produces antitoxic immunity, would certainly be destroyed. 

On this assumption, the specific tuberculine reaction in tuber- 
culous men, as a reaction of a bactericidal nature, would have no 
connection with the toxic pyrogenic eflRects in healthy men; 
these poisonous principles would be only interfering impurities, 
and indeed we have seen that, as a matter of fact, Koch and 
others have made successful attempts -to prepare an almost non- 
toxic and yet specifically active ttiberctdine. Moreover, the latest 
researches of Koch {he. cit), from which it appears that the 
serum of tuberculous subjects gives a precipitate with his new 
tuberculine preparation, appear to support this assumption of 
specifically active proteids and their precipitines. This hypo- 
thesis, that the action of tuberculine in its most recent form is 
due to the liberation of specific amboceptors, materially elucidates 
and simplifies the problems. Tuberculine occupies a different 
position, according to Buchner, from the series of specific bac- 
terial poisons, and yet has claims to be regarded as a specific 
therapeutic and immunising agent, just as much as those dead 
cells that produce antibacterial immunity in cholei*a, &c. 

Nevertheless, the question of tubercle poisons needs further 
study. This hypothesis of the action of tuberculine does not 
by any means do away with the necessity for such research ; for, 
as in the case of other bacteria, there may in addition to this 
be a true toxine which can also bring about specific antitoxic 
immunity. 

That such a toxine has not yet been discovered may possibly 
be due to the methods; but, on the other hand, it is not im- 
probable, as was suggested above, that tvhercle bacilli do not 
prodv^ce any true toxine at aU. Possibly they form poisons of 
another kind, which, although not of the nature of toxines, have 
yet a specific character. 

The results of Behriko and his pupils in the preparation of 
very toxic tubercle poisons also point in the same direction, 
and their discovery of tuberculosamine and its combination 
with nucleic acid must also be regarded as valuable evidence 
in support of this theory, although these were undoubtedly 
not the specific poisons of the tubercle bacillus. For Ruppbl 
himself concludes that in these compounds we have to deal 
with derivatives of the ceU nucleus. These are undoubtedly 
not the specific bacterial poisons, which we must certainly 
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regard as protoplasmatic or paraplasmatic products. It is not 
improbable that perfectly analogous substances might be isolated 
from cell nuclei or cells of other bacteria. 

On the ojiher hand, we cannot recognise as the specific poison the pro- 
ducts obtained b^ Auclaib,^ who claims to have isolated, by extraction 
of the cultures with ether, a poison which produces caseous degeneration 
of the lungs on intratracheal injection; and, by extraction with chloro- 
form, a second poison which, he asserts, produces fibrous pneumonia. 

We have therefore, unfortunately, to own that the question 
of a specific tubercle poison has not yet been decided, even if 
we exclude the hypothetical action of tuberculine, as described 
above, entirely from the discussion. 

MALLEINE. 

Malleine contains the cell constituents of the baciUi of glanders 
in much the same way that the old tuberculine contained those 
of the tubercle bacilli. The subject of malleine has been in- 
vestigated almost exclusively by veterinary surgeons from the 
practical point of view, so that scientifically little or nothing is 
known about its nattia*e. In the absence of further knowledge 
we shall do well to apply to malleine the considerations that we 
have taken into account in the case of the old tuberculine. 

Hblman,2 in 1890, was the first to prepare an extract of 
glanders bacilli, and he was followed by Kalning, who boiled 
pure cultivations repeatedly with water and filtered them 
through Chamberland filters. Preusse, and subsequently 
Preisz, employed glycerin extract of potcUo cultures, 

JoHNE and Pearson were the first to use bouillon as the 
culture medium; they cultivated the bacilli for fourteen days 
at 37° C. and sterilised the filtrates, or first concentrated the 
cultures at 80° C. and then filtered them (Pearson). 

Roux sterilised very virulent cultivations at 110* 0. and 
filtered them after evaporation. 

FoTH (loc. cit.) proceeded in a similar manner. He passed 
the glanders bacilli several times through animals to render 
them as virulent as possible, and then cultivated them for 
twenty days as a surface cultivation on Loffler's meat broth of 
45 per cent, strength. The cultures were evaporated to a tenth 

^ Auclair, "La Sclerose pulmonaire, &c." Arch, de Mid, JSxper,, 1900, 
189 ; see also Baumgartene Jb., 1898, 475, 476. 

^ I have taken all these references, which were not readily aocessible to 
me in the original, from Foth's paper, **Das Mallein, &o," Fortachrl d^ 
Med,, 1895, 637. 
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of their volume at 80* C, filtered, and treated with thirty times 
their quantity of alcohol. The white precipitate thus obtained 
was left to dry over calcium chloride in vactw, and furnished a 
non-hygroscopic white mass. 

GuiNARD ^ made a closer study of the action of malleine. He 
found that the action of the heart was first stimulated and then 
lowered, and that a similar stimulation and subsequent depres- 
sion of the nervous organs also occurred. Sweating was also 
observed. 

ScHATTENFR0H,2 on the other hand, regards malleine as abso- 
lutely non-specific in its action. 

The question whether or no malleine has a specific toxic action 
is as little decided as in the case of tuberculine. It is possible 
that here, too, we have non-specific symptoms similar to those 
invariably produced by proteins foreign to the body. 

ANTHRAX POISON. 

We are quite ignorant whether or no there exists a true 
anthrax toxine. As in the generality of cases, the answer to 
this question has been rendered extraordinarily difficult by the 
fact that many investigators made their experiments with the 
sole object of producing immv/nity against the anthrax bacillus, 
by any possible means, and that consequently they made use of 
living bacilli or the dead cells without troubling themselves 
about the possible existence of a specific antitoxine-producing 
poison. At the earliest period it was hardly to be expected 
that the problem could be stated in such precise terms, but 
even many later investigators have given almost exclusive 
attention to the j^racticcU question of immunisation. They 
have endeavoured, as, for instance, has been done by Sobern- 
HEIM in his researches into anthrax immunisation, to obtain 
in every possible way the desired immunity by inoculation, 
without investigating whether this protection was due to a 
true antitoxic immunity. We meet with this difficulty in all 
other investigations into less known poisons ; yet nowhere has 
the toxine problem remained in such obscurity or the results 
been so contradictory as here. I must, therefore, content my- 
self with mentioning the most important researches that have 
dealt more or less expressly with the hypothetical toxine, and 

^ Guinard, '^Effets physiolog. du Malleine," Jtmi^n. Med, Vet., xlvi., 
454; Baumgartena Jh„ 1895, 311. 

2 Sohattenfroh, **Ueber die Wirkung von Bakterien-Protei'nen," Zeit,/^ 
Hyg,^ xviii., 456, 1894. 
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for this purpose the unusually careful bibliography compiled by 
CoNRADi ^ has naturally been of the greatest service to me. 

The first, attempts to isolate poisons from anthrax bacilli by 
filtration were made by Pasteub,^ but with negative results. 
The filtrates were absolutely inert, while those obtained by W. 
Koch ^ produced only elevation of temperature and dyspnoea. 

The first published account about a substance obtained from anthrax 
cultures, and stated to have an immunising action, was that of Wool- 
DRiDOB.^ He cultivated anthrax baoiUi for two to three days at 37** C. 
upon a bouillon of thymus or scrotum extract. The liquid thus obtained 
had an immunising non-toxic effect after filtration. He also made very 
similar experiments ^ with a solution of his tissue fibrinogen prepared from 
scrota, &c., and sterilised by means of heat, care being taken that it had 
only a slightly alkaline reaction ; for vigorous growths of the micro- 
organisms m strongly alkaline media yielded no poison or immunising 
substance to the solution. But the filtrates of cultures grown on weakly 
alkaline solutions of tissue fibrinogen undoubtedly contain^ an immunising 
non-toxic substance, which ofdy afforded protection on intravenous injec- 
tion. Yet he asserts that he obtained almost analogous results by simple 
injection of his solution into animals without previous cultivation of anthrax 
ba.cilli, and claims that the tissue fibrinogen by itself affords protection 

r'nst anthrax. This completely destroys the value of his work as regards 
discovery of a possible toxine. 
Nor does any greater importance attach to the theoretical proof of 
Chauvkau ^ that anthrax poison must exist in the soluble form, since the 
placenta, being impermeable to bacteria, allows none of the baciUi to pass, 
and yet the embryo of a sheep infected with anthrax is immune ; rather 
its importance is less, since in rare instances anthrax bacilli can para 
through the placenta. 

Haneik attempted in a series of investigations^ to prove 
that his anthrax albumoses were the chief toxic principle. He 
cultivated the bacilli on a bouillon containing 0-1 per cent, of 
meat extract, and a large proportion of fibrin (10 to 50 per cent.). 

1 Conradi, ** Z. Frage d. Toxinbild. bei d. Milzbrandbakt.," Ztit, /. Hyg,, 
xxxvii., 287, 1899. 

^ Pasteur and Joubert, **£tude sur la maladie charbonneuse," Comptes 
Rend,, Ixxxiv., 900, 1877. 

3 W. Koch, "Milzbrand und Rausohbrand," Stuttgart, 1886, quoted by 
Conradi {loc. cit,), 

* Wooldridge, "Note on the Protection in Anthrax," Proc. Boy, Soc., 
xlii., 312, 1887. 

" Wooldridge, "Vers. U. Schutzimpf. auf chemischem Wege," Du Boia 
Arch,, 1888, 627. 

' Chauveau, " Sur le mecanisme de Timmun.,*' Ann, Past,, iii., 06, 1888. 

^ Hankin, " On Immunity produced by an Albumose isolated from 
Anthrax Cultures," Brit. Med, J,, 1889,- ii., 66; id,, "On the Conflict 
between the Organism and the Microbe," ibid., 1890, ii., 810; Hankin and 
Wesbrook, "Albumoses et toxalbumines du bacille oharbonneux," Ann, 
Pa»<.,vi., 633, 1892, 

12 
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The sterilised liquid was inoculated and allowed to stand for 
eight days, after which it was filtered, and the filtrate treated 
with ammonium sulphate. The precipitate was dialysed at 
42° C, and the liquid evaporated in vacuo^ or treated with 
alcohol. This yielded an albumoae^ which weakened bacteria did 
not.give. Very small doses (one part of a 1 : 1 million solution 
per kilo, of body weight in the case of mice) immediately pro- 
duced immunity against anthrax, but this was not the case with 
large doses, which had only a toxic, but not immunising action. 

Similar toxic albumoses isolated almost at the same time from anthrax 
cultures and the organs of animals by Martin ^ and Briegeb and FBiiNKXL,^ 
caused symptoms somewhat resembling those produced by the living bacilli. 
Yet the definite results of all these investigations of toxal bumins ' were very, 
insignificant, as was eventually the case with all the toxalbumins. Martin's 
albumose, for example, had to be given in doses of 0*3 grm. per mouse (!) 
to produce death. 

According to the views now accepted, there can certainly be no 
toxine activity here. The anthrax bacilli have naturally decom- 
posed the proteids of the culture medium, and either traces of 
poison have been retained by the resulting albumoses, or the 
proteids foreign to the body that have been produced have in 
themselves a slight toxic action, as is also the case with other 
proteids. 

In any case, Petermann,* who repeated Hankin's work, was 
unable to detect any trace of toxic or immunising activity in his 
albumose, though Hankin and Wesbrook {loc, cit), observing 
under more accurately specified conditions, and, in particular, 
avoiding temperatures above 20° C, still maintained their posi- 
tion, and also again obtained frequently, though not invariably, 
transient" immunisation. 

An important point in Petermann's investigation is the proof 
that anthrax cultures when simply filtered have a slight and 
transient, but unmistakable, immunising efifect ; this would seem 
to point to the presence of a real toxine, which, however, can 
only be present in very slight quantity. 

^ Martin, " The Chemical Products of the Growth of the Bacillus 
Anthracis," Proc. Boy. Soc, xxii. [5], 1890. 

* Brieger and Frankel, "Untersuch. iiber Bakteriengifte,'' BerL Idin. 
Woch., 1890 [11-12]. 

* Similar investigations with equally scanty results were also made about 
the same time bv, e.g., Balp and Carbone (1891), Landi (1891), G. Klem- 
perer (1891), Maltzew (1891) ; for particulars about these the reader must 
be referred to Conradi {loc, cit, ). 

. * Petermann, ** Recherches sur I'immun. contre le charbon au moyen des 
albumoses extraites des cultures," Ann^ Past., vi., 32, 1892, 
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Quite in agreement with this are the results obtained by 
Arloing.^ He merely allowed bouillon cultures of anthrax to 
stand, and then decanted the liquid at frequent intervals from 
the deposited bacteria, thus obtaining a germ-free fluid, in which 
obviously there was no possibility of the very considerable loss 
of poison retained by the filters usually employed. On the other 
hand, the toxine might very easily undergo decomposition during 
the long standing. The fluid thus obtained had an immunising 
effect when given in large doses. 

There are also the results obtained by Sclavo ^ and Mabchoux,' who 
produced immunity by means of the living bacilli ; but these _ have ap- 
parently nothing to ao with the question of a toxine. At all events, 
Mabchoux asserts that his serum acts by means of phagocytosis. 

The next serious attempts to discover the toxine were those 
made by Marmieb,* who, from cultivations on peptone-glycerin 
(I litre of water, 40 grms. of peptone, 15 grms. NaCl, 40*grms. 
of glycerin, 0*5 grm. of sodium bisulphate, and 02 grm. of 
potassium bisulphate), preferably grown at 20* C, obteined a 
substance, which, when separated by precipitation with am- 
monium sulphate and dialysis, or by extraction with glycerin 
and precipitation with alcohol, formed a pulverulent brown mass 
giving neither proteid nor alkaloidal reactions, and showing no 
enzymic activity. 

It was toxic to the extent of 0*08 grm. per kilo, of animal 
(though not constantly so), and caused elevation of temperature, 
diarrhoea, emaciation, convulsions, slowed respiration, and suffo- 
cation. A dose of 0-2 grm. per kilo, was invariably fatal. 
According to Marmier the symptoms here were sufficiently 
similar to those caused by infection with living bacteria as to 
justify the conclusion that they were due to a specific anthrax 
toxine. 

There are two reasons, however, against the view that there 
was a true toxine here, apart from the fact that the lethal dose 
was surely a little too high for a true toxine. 

In the first place, Marmier stated that the poison could be 
boiled for an hour without alteration, and could even resist being 
heated for five minutes at 120° C, and hence it could not have 

^ Arloing, " Sur la presence de la substance phylacog^ne dans les liquides 
du bac. anthr.," BtdL Med,, 1892, 1038, quoted from CentrcUhL fur Bakt,, 
xiii., 561, 1892. 

2 Sclavo, **Ueber die Bereitung des Serums gegen den Milzbrand," 
GentralbLf, Bakt., xviii., 744, 1896. 

^ Marchoux, "S^rum anticharbonneux," Ann, Past., ix., 9, 1895. 

^ Marmier, "Sur la toxine charbonneuse," Ann, Past,, ix., 533, 1895. 
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been a true toxine. The poison was weakened by gold chloride, 
platinum chloride, and calcium chloride. 

And, in the second place, it apparently produced only a slight 
immunity, and that, too, not invariably. Hence, in any case, it 
could not have been a weakened toxine, since then the reduction 
in toxic power must have been accompanied by the more ener- 
getic immunising effect. 

Con RAD I (loc, cit) has recently once more investigated the 
question whether anthrax bacilli form a soluble diffusible poison, 
and has, if we may anticipate, arrived at an absolutely negative 
result. He started from the point of view that it was the multi- 
plicity of the nutrient substrata used by previous investigators 
that was frequently responsible for the diametrically opposite 
results. Hence he decided to search for the anthrax poison in 
the body of the animal. For this purpose he used peritoneal 
exudations and extracts of organs (liver and spleen) of infected 
animals, and found both, after filtration through a Kitasato or 
Chamberland filter, to be invariably devoid of any toxic effect. 

Moreover, he introduced virulent bouillon cultures into the 
abdominal cavity of guinea-pigs, which was then enclosed in 
a bacteria-proof bag made with the inner membranes of the reed 
(Phragmites communis), and in this case, too, there was no toxic 
action. 

Two objections can be offered to Conradi's results. 

The reed experiments only prove that there does not exist any 
soluble and diffusible anthrax poison, but do not exclude the 
possibility of there being a non-diffusible toxine, just as other 
haptines — e.g,, certain ferments — are also indiffusible. And, 
indeed, the results obtained by Arloing (vide supra), who found 
a poison in unfiltered cultures, whereas the majority of investi- 
gators found nothing in filtered cultivations, render it not 
improbable that anthrax toxine may be readily retained by 
filters and membranes. 

The second objection appears to me more important. Even 
granting the existence of a true haptophore toxine of anthrax, it 
is possible that under certain conditions it may not be found 
again in the organs and fluids of the infected bodies of susceptible 
animals, owing to its entering into stable combination with the 
receptors ; the poisons of tetanus and diphtheria can, even under 
normal conditions, only be found again in the blood and organs 
of infected animals after the introduction of large doses. 

It is true that living micro-organisms were present in these 
exudations, but, at the same time, these could not have been able 
to have used their toxine-producing powers for any length of 
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time ; and, moreover, the toxines produced in these exudations 
would surely have undergone renewed metabolism, and have 
been fixed by the receptors, so that only very slight traces could 
have been left behind. In addition to this the exudations in 
this case would doubtless contain antitoxines, which would render 
a correct deduction still more difficult. At the same time, it is 
possible that such exudations may be used as suitable natural 
culture-media, in which, eventually, toxines may be detected. 

Be this as it may, it is impossible to draw any conclusion from 
these experiments by Conradi as to the non-existence of a true 
toxine. Speaking generally, such experiments are not suitable 
for determining the question of the production of poison by 
a bacterium ; for other poisons of simpler nature may also be so 
altered or destroyed after producing injurious effects, or even by 
their physiological action, that no trace that can be detected 
remains in the fluids of the tissues. Even many alkaloids, such 
as cytisine, disappear in the organism without leaving a trace. 
It is not safe, in view of the manifold attacks to which a poison 
is exposed in the body, to draw negative conclusions as to the 
non-existence of this poison; only positive results would be 
conclusive here. Thus Conbadi's experiments only contribute 
negative evidence towards a decision on this point ; once more 
a means of discovering the hypothetical poison has proved un- 
workable; the question of the existence of the poison still 
remains open. And, in this connection, it must not be lost sight 
of that the existence of an anthrax poison is really an etiological 
postulate ; for there are many cases of anthrax with fatal results 
where general bacterial infection is out of the question, and 
where it has been very difficult or impossible to detect living 
bacilli in the organism. Surely such cases can only be explained 
as cases of poisoning. Hence, notwithstanding Conradi's results, 
further search must be made for the poison. 

On the other hand, no objection can be offered to the experi- 
ments made by Conradi to determine whether the anthrax 
bacillus produced a specific endotoxine, which is only liberated 
after the death and decomposition of the cell in an analogous 
manner to yeast, Invertase, and zymase. He killed the bacilli 
by means of toluene, or by freezing, or disintegrated them by 
Buchner's method. In every instance the result was absolutely 
negative. Nor could he isolate toxalhumins from the organs, 
eiiSier by means of the method of Brieger and Frankel or by 
that of Marmier. 

Hence, the present state of affairs is as follows : — 

Convincing proof of the existence of a inrvs anthrax toxine. 
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either in a state of free secretion or as an endotoxine retained by 
the cells, has not yet been adduced, and the existence of an 
endotoxine is practically disproved. With the exception of 
substances causing slight pyrogenic eifects due to the bacterial 
proteins of the cell itself and similar to those produced by all 
bacteria, whether pathogenic or harmless, no anthrax poisons are 
known. At the same time we must assume that poisons that 
cause the symptoms of the 4isease are formed ; yet these appear 
to be of such a subtle character and to be produced so sparingly 
during the growth of the bacilli in the attacked organism as to 
escape detection. Conbadi made no experiments with regard 
to the immunising power of his sterile filtrates ; and it is 
conceivable that they contained toxoids which had immunising 
capacity but were no longer toxic, and that this is a possible 
explanation of Hankin's results. These, obvious possibilities 
still remain unsettled. 

OTHER SOLUBLE BACTERIAL POISONS POSSIBLY OF 
THE NATURE OF TOXINES. 

When we consider that the investigation of the specific poisons 
of some of the most important pathogenic micro-organisms is for 
the most part still in its infancy, it is not surprising that, in the 
case of less important bacteria, we have very scanty results, to 
which I will only briefly refer here. It is quite possible that on 
closer investigation one or more true toxines may still be dis- 
covered as a product of these bacteria, but as yet there are no 
certain indications of this. 

As regards the majority of those infectious bacteria that grow 
within Qie organism, we can come to the same conclusion as in 
the case of cholera, streptococci, &c. — viz., that if the cells secrete 
any true toxines they do so only in minute quantities, that these 
are extremely unstable, and that the poisons must be regarded 
as consisting in the main of firmly retained endotoxines. Im- 
munity, as in the case of all infectious micro-organisms, is 
brought about almost exclusively by bacteriolytic processes, 
any eventual formation of antitoxine being insignificant and 
occupying an altogether inferior position, both from the practical 
and theoretical point of view. 

HOG CHOLERA. 

Metschnikopf 1 and also Selander^ found the sterilised 

^Metsohnikoff, **Zur Immunitatslehre," Ckmgr, f. inn. Med,, 1892, 282; 
"Etudes sur rimmunit^," Ann, Past,, v. ; vi., 2S9, 1892. 

^Selander, **La maladie infeotieuse des pores.," Ann, Past,, iv., 645, 
1890. 
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blood of diseased animals to be very poisonous. It is extra- 
ordinarily easy to produce immunity against the bacteria, but 
this does not increase the power of resisting the sterile poison. 
The micrococci grow in immunised serum, but with reduction of 
their virulence, which is restored, however, by inoculating fresh 
bouillon. Hence, the serum would seem to contain cmtitoxine^ 
which neutralises the production of toxine by the growing 
bacteria. 

MALIGNANT (EDEMA. 

Roux and Chamberland ^ found that cultures of the septic 
vibrio freed from the micro-organisms were slightly poisonous, 
while sterilised peritoneal fluid was very poisonous and had an 
immunising power. But they also obtained "poisons" which 
still had a very weak toxic action and some immunising power 
after exposure to a temperature of 110° to 120° C. Besson,^ 
too, has prepared weak poisons (5 to 10 c.c. being required to 
kill a guinea-pig) by filtering cultivations and in particular those 
grown on flesh. 

SWINE PLAGUE. 

SiLBBRSCHMiDT^ discovered a weak poison with a specific 
action in filtered cultivations. It was not completely destroyed 
at 120° C, but was gradually weakened even at 60" C. The 
filtrates produced immunity. 

Selberg^ found poisonous substances with a slight specific 
action attached to the cells of the bacilli of swine plague. 

METSCHNIKOFFS VIBRIO. 

A very interesting report on this vibrio was published by 

Sanarblli.^ It grows vigorously on immunised serum after 

^ first apparently dying, but is then almost completely innocuous, 

though it again becomes toxic when grown in fresh bouillon. 

In like manner the vibriones from an immunised animal can be 

* Roux and Chamberland, ** Immunity centre la septic^mie,*' Ann. Past,, 
ii., 661, 1887. 

^BeBson, "Contrib. k T^tude du vibrion septique," Ann. PasL, ix., 
179, 1896. V 

* Silberschmidt, "Contrib. ft I'^tude de la swine plague," ^nn. Pout., ix., 
66, 1896. 

^ Selberg, **Beitr. z. Kenntn. d. Giftwirkung d. Schweineseuchen- 
bakterien, ko.," Diss., Berlin, 1896. 

^Sanarelli, ** Defense de Torganisme contre les microbes," ^n?i. Past., 
vi., 226, 1892. 
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cultivated. If the serum of an infected animal be separated 
from the vibriones that it contains the latter are far more 
virulent than when the serum is also present. 

From these results it appears that the vibrio is capable of 
increasing in the body of the animal, and that it produces 
toxines there which are injurious. But in an immune animal 
or in immunised serum, and also in the serum of the diseased 
animal, there are antitoxines which combine with the poison 
and render the vibrio harmless, although it continues to grow 
in the immune animal. If the antitoxine be removed the poison 
again becomes active, as is also the case when the vibrio is culti- 
vated upon new culture media. 

Unfortunately, Sanarelli did not attempt to isolate, by means 
of filtratiouy the toxine that was probably present. He only 
found cultures killed at 60" C. and 120° C. to be poisonous, and 
naturally was unable to produce any antitoxic immunity against 
the secondary poison which he obtained at 120° C. The latter 
is certainly not a toxine, although it would seem that a true 
toxine is produced by^ these bacteria and may possibly be demon- 
strated by careful work. 

DYSENTERY TOXINE. 

A toxine supposed to be that of dysentery was found by 
Rosenthal 1 in the filtrates of cultures three weeks old. The 
filtrates, in doses of 0*1 to 0*2 cc, had a fatal eifect upon rabbits. 
The poison is stated to be fairly resistant to heat and to form an 
antitoxine. 

^ Rosenthal, **Das Dysenterietoxin," DetUsch. med. Woch,, 1904, No. 167. 
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III.— THE VEGETABLE TOXINES 
(PHYTOTOXINES). 

RICINE. 

The seeds of the castor-oil plant, Ricinus communis, produce 
an extremely virulent poison, which is in every way closely 
allied to the bacterial toxines. It is present in the embryo 
endosperm but not in the husk (Werner). Poisons with 
completely analogous action are also present, according to 
Stillmark,^ in ten other kinds of Ricinus — viz., R. sanguineus, 
a/ricamis, guyanensis nanus, altissimus, communis major, philip- 
pinensis, hrasUiensis, borboniensis arboreus, spectabilis, and jam- 
aicensis. The seeds of Jatropha curcas (Curcas purgans), a West 
Indian Euphorbiaceous plant, popularly termed the "purging 
nut" or "Barbadoes seed," also yield a toxic product which is 
possibly identical with ricine (Stillmark). 

Ricine was first investigated by DixoN.^ He prepared a 
poisonous product either by extracting the seeds with hydro- 
chloric acid and precipitation with a solution of soda, or by 
precipitating the substance from an aqueous extract by means 
of alcohol. It was obtained in a purer state by treating the 
aqueous extract with lead acetate and ammonia, suspending 
the precipitate in water and removing the lead by means of 
hydrogen sulphide, and then precipitating the toxine with 
alcohol. In addition to the toxine a non-poisonous glucoside 
was also detected in the seeds. 

Ricine was more thoroughly studied by Stillmark,^ working 
under the direction of Rudolf Kobert. He extracted the seed 
with a 10 per cent, solution of ordinary salt, treated the extract 
with sodium or magnesium sulphate, and removed the salts by 
means of dialysis. The yield amounted to 2*8 per cent., calcu- 
lated on the decorticated air-dried seeds. 

Cruz * washed the crushed seeds with chloroform and alcohol, 

^Stillmark, "Ueber Rioin," Arb, pharm, Inst, Dorpat, iii., 69, 1889 
voontAins a complete bibliography of the earlier literature on the castor-oil 
plant). 
^ Dixon, Australian Med, Oaz„ 1887, 156, quoted by Cushny {vide it^fra), 
» Cruz, ** La ricine," Ann. d^Hyg. PvM,, xl., 344, 1898. 
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dried them, extracted them with water, and treated the extract 
with alcohol. 

Great theoretical interest attaches to ricine owing to the fact 
that Ehblich ^ has made it the starting point of his fundamental 
investigations of antitoxic immunity. He, too, separated it from 
the seeds by extraction with a 10 per cent, solution of sodium 
chloride, and purified it in exactly the same way as Stillmabk. 
Merck's preparation is precipitated from the sodium chloride 
solution by means of ammonium sulphate. 

Chemical Nature of Ricine. — While the older investigators 
regarded ricine as a proteid; the progress of discovery appears 
to follow the same course here as was described in the case of 
the bacterial toxines, and, with the increase in the accuracy 
of the investigations, the belief continues to gain ground that 
this toxine, although a body of high molecular weight, is not a 
proteid in the narrower sense of the term. 

Stillmabk regarded it as a globulin. Cushny^ made many 
tedious experiments to prove that ricine was really a proteid, 
or to free it from proteid impurities, but did not obtain any 
definite results. It is quite impossible to effect a separation of 
the active principle from the proteids by the usual methods, 
either because the coefficients of precipitation and re-solution 
are the same, or, more probably, because ricine, like so many 
colloidal substances, is mechanically carried down by many 
precipitates as they fall, and especially by coagulated albuminous 
substances, &c. 

Eventually the resistance offered by ricine to trypsin afforded 
a means of preparing a substance which, in all probability at 
least, was not of a proteid nature. This property, which was 
denied by Stillmabk, but demonstrated by Cushnt and 
MuLLBB,* formed the starting point for Jacoby's* striking 
experiments. 

He first showed that, even after being digested for a week 
with trypsin, the toxic power of ricine remained unaltered, the 
same result being also obtained with papain. But he did not, of 
course, draw any definite conclusion from this alone, since it was 
possible that the proteids might also be able to resist the action 

^ Ehrlich, **Exper. Unters. liber Immunitltt," Deulsch, med. Woch., 
1891, 976, 1218; **Zur Kenntnis d. Antitoxinwirkg., " /V>rtec^r. d, Med., 
1897, 41. 

2 Cushny, ** Ueb. das Ricinusgift," Arch, exper. Path,, xli., 439, 1898. 

^Muller, **Beitr&ge z. Toxikol. des Ricins," Arch, exper, PcUh,, xlii., 
302, ]899. 

* Jaooby, ''Ueb. d. chem. Natur des Ricins," Arch, exper. Path,, xlvi., 
28 (reprint). 
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of trypsin. Accordingly he modified his experiment in a very 
ingenious fashion. 

Bicine is precipitated by ammonium sulphate on saturating 
the solution to the extent of 60 per cent., whereas the active 
principle of trypsin is not separated until the solution has been 
completely saturated with ammonium sulphate. Jacoby, there- 
fore, separated from an extract of pancreas by means of fractional 
precipitation with ammonium sulphate the proteids that were 
precipitated at a saturation of 60 per cent., and used this purified 
trypsin preparation for the digestion of ricine that had been 
separated by saturating its solution to the extent of less than 
60 per cent. ' 

Hence this mixture, before the digestion, would have the 
following composition : — 

Precipitated at 60 per cent., . Ricine, and proteids com- 
bined with it. 
„ • 100 „ . Trypsin. 

After the action of the digestive enzyme, however, the composi- 
tion would be different; the proteid impurities in the ricine 
would have been digested by the trypsin, and would only be 
precipitated with more difficulty by the trypsin, and possibly not 
at all ; and the composition of the mixture would then be : — 

Precipitated at 60 per cent., . Ricine. 

„ 100 „ . Trypsin and part of the 

digested products. 

Under these conditions, then, the precipitation at a saturation of 
60 per cent, must yield a pwre ricine. 

As a matter of fact, Jacoby obtained only a very slight 
precipitate by saturating the mixture to the extent of 60 per 
cent, after a five weeks' digestion, and he purified this substance 
by re-precipitation. 

The proteid reactions were no longer obtained, while the toxic 
properties were quantitatively retained. Here, then, we have 
proof that pure ricine is not a proteid. And this result also 
disposes of one of the remaining '^ texalbumins,'' and hence this 
term may well be regarded as now only possessing historical 
value. It has played an important part in the investigations of 
this subject, especially since it led to the proof that these poisons 
possessed quite different properties to the crystalloid poisons; 
out surely the time has arrived for us to discard it, since now it 
can only create confusion. In its place let us use the general 
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term " toxine," in the precise connotation that we have described, 
which covers all the properties of this characteristic class of 
bodies. 

Properties of Ricine. — Ricine, like the bacterial poisons, 
presents many close analogies with the enzymes^ so much so that 
it was classified with them by Stillmark, although it does not 
bring about any true fermentative processes, such as diastatic 
action, &c. Among these analogies is its property, mentioned 
above, of being carried down by all kinds of precipitates; 
and this mechanical precipitation takes place with special 
readiness in the case of subsiding proteid precipitates. Its 
precipitation by nttcleic acid must also be attributed to a 
mechanical process of carrying down, and not to a characteristic 
reaction of the toxine itself, such as Tichomibofp^ claimed 
to have observed both in ricine and in other toxines. It 
also resembles the enzymes in its sensitiveness to physical 
and chemical influences. 

The temperature of boiling water is extremely injurious to it, 
although, according to Jacob y, it does not entirely destroy its 
toxic property, and the purified poison offers greater resistance 
than that containing proteid impurities. Jacoby considers it 
not impossible that, on boiling, a different poison is produced, 
possibly a toxoid. The toxine is not destroyed by dry heat, 
110° C. (Stillmabk), and is almost unaffected by pepsin- 
hydrochloric acid (Mullbr). 

We have already described its behaviour towards trypsin, and 
it is particularly interesting to note that Jacoby found that his 
pure ricine was rapidly destroyed by trypsin, but that this did 
not take place when fresh quantities of trypsin were added to 
digested mixtures containing the unpurified ricine. Hence, it 
would seem, the decomposition products of the proteids exert 
a protective influence. 

Hydrogen peroocide has an energetic action upon pure ricine, 
but is only slightly injurious to the impure substance. 

Alcohol does not dissolve ricine and does not injure it. 

Ricine appears to be absolutely indiffusible, as was first shown 
by Stillmabk. 

Action of Ricine. — Ricine has two of the most important pro- 
perties of toxines — extraordinarily great activity and a period 
of incubation; but, on the other hand, does not show their 
strictly specific action. Hitherto no animal has been found that 
is completely immune against ricine, but the susceptibility is not 

^ Tiohomiroff, "Ueber die FttUg. v. Toxalbuminen durch Nuclelnsaure," 
Zeit./. physici, Chem,, xxi., 90, 1895. 
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the same with all animals, though the differences are no greater 
than can be observed in the case of the crystalloid poisons. 

Its toxic action is enormous. According to Ehblich it is 
fatal when introduced subcutaneously in the proportion of 0*03 
mgrm. per kilo., while 0*18 grm. is a lethal dose per oa for a full- 
grown man. Subcutaneous injection of 1 grm. would kill \\ 
millions of guinea-pigs, though the minimum lethal dose shows 
some variation. Mice are less susceptible; rabbits somewhat 
more so. In measuring the toxic power Ehrlich invariably 
uses an injection of 1 c.c. for each 20 grms. of body substance ; 
on that basis a dilution of 1 : 200,000 would be undoubtedly 
fatal to mice. 

In like manner Cushny found the lethal dose for rabbits to be 
0*04 mgrm. per kilo., while Jacoby found that 0*5 mgrm. of 
Merck's ricine per kilo, of body weight was required to kill 
rabbits. 

According to Osborne and Mandel ^ the lethal dose per kilo, 
for rabbits of their purified ricine was 0*002 mgrm. 

It also shares with toxines the property of acting much more 
weakly by way of the digestive tract. Yet its action is always 
plainly perceptible even when introduced in this way, though 
doses a hundred times as great are required (Stillmark, p 185). 
This property depends on the much more considerable resistance 
offered by ricine than by the bacterial toxines to the digestive 
enzymes. 

The effects produced by ricine can be classified in four groups 
— ^viz., the local action at the point of application, the general 
effects, the action on the conjunctiva, and the action on the 
blood-corpuscles. 

Ricine, like many bacterial toxines, frequently produces severe 
indurations, inflammation, abscesses and necroses at the point 
of inoculation. Whether these pathological changes are due to 
the ricine itself or to impurities has not yet been definitely 
determined. There is, however, some support for the view that 
these symptoms are possibly only produced, as is frequently 
observed in other cases, through ^e simultaneous introduction 
of proteids foreign to the body. 

The general changes that take place in ricine poisoning had 
already been studied by the older investigators, and subsequently 
by Flexner ^ and Franz Muller (loc, cit,) in particular. 

The first symptom is an increase in the temperature and a 

^ Osbome and Mandel, ** Ricine," Amer, Joum. Physiol, ^ x., 36, 1903. 
^Flexner, "The Pathology of Toxalbumin Intoxication," Johns Hopkins 
Hospital Record, 1897 (reprint). 
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rapid decrease in the weight of the body, while, with these 
exceptions, no abnormal phenomena are noticed during the first 
twenty-four hours. 

The decrease in the weight of the body is much greater than 
can be accounted for merely by a condition of hunger. Rabbits 
in a state of hunger lose only about yt ^^ their total weight in 
twenty-four hours, ^ after forty-eight hours, and ^ after seventy- 
two hours, whereas rabbits poisoned by ricine lose ^ to |^ of their 
weight even after twenty-four hours. Nor can this decrease be 
explained solely by increased decomposition of proteids. 

According to Muller the conditions are similar to those 
observed in animals suffering from fever. The stools contain 
blood and albumen, and frequently blood passes into the urine. 

After twenty-four to thirty hours the fatal symptoms of 
poisoning suddenly appear. They begin with clonic convulsions 
and weakening of the reflexes. Then follows paralysis. After 
fifteen minutes the convulsions are repeated, and dyspnoea and 
feeble inspiration precede death, which results within about half 
an hour after the first attack. 

Sometimes the convulsions do not occur. An increase in the 
dose does not alter the symptoms, but shortens the period of 
incubation. 

At the last there are serious central disturbances of the 
medulla oblongata : paralysis of the vasomotors and eventually 
of the respiration. The pressure of the blood does not fall until 
quite late in the attack ; and death is then near. Ricine has no 
effect upon the heart. 

Post-mortem dissection shows very characteristic results. 
Swelling and reddening of the subcutaneous lymph glands, and 
great stasis in the region of the blood-vessels in the abdomen ; 
great enlargement of and red flecks in the mesentery lymph 
glands and of Peyer's patches, and numerous ecchymoses in the 
intestine, but no ulcerations. The spleen is much swollen and 
soft. Histologically there are characteristic changes in the 
blood, and notably severe leucocytosis, decomposition of cells 
in the spinal marrow, and necrotic foci in numerous organs, 
notably the liver. Thromboses cannot be observed. As a rule, 
the muscle of the heart shows fatty degeneration. 

Cruz (loc, cit,) observed, in particular, serious alterations in 
the kidneys, but Stepanofp was unable to detect the toxine in 
the urine. HsBmorrhage of the suprarenal bodies is also a 
characteristic symptom. 

Death from ricine is thus primarily due to central paralyses, 
but in addition to this the local irritant effects of the poison are 
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shown by the necroses of the cells. The intestinal ecchymoses, 
&c,, can also be accounted for in the same way, since Stepanoff ^ 
has shown that ricine is excreted into the intestine, and Cushny 
{he, eit,) has found that in frogs ricine causes a discharge of 
blood containing the poison into the stomach. 

Ricine has no action upon the isolated heart of the frog or 
upon the nerves, while it has a slight paralysing effect upon the 
muscle (Stillmark). 

The action of ricine upon the connective tissue of the eye is 
characteristic. It produces severe conjunctivitis similar to that 
caused by ahrine {vide infra), which also frequently leads to 
permanent derangement of the cornea. Panophthalmitis is also 
not uncommon. 

The Action of Ricine upon the Blood. — Bicine has a very 
characteristic action upon the red blood-corpuscles as was first 
noticed by Robert and Stillmark {loc, cit) ; and this can be 
observed both in fresh blood and in the case of erythrocytes 
that have been repeatedly washed. The erythrocytes agglutinate 
under the influence of ricine, and fall to the bottom as a coherent 
flocculent mass resembling clotted blood, so that the supernatant 
serum is clear. 

According to Kobert,^ a combination takes place between the 
agglutinine and the arterine of the blood, and the clumping 
together is due to the fact that this compound is viscous. The 
action is very intense, and can be recognised even in a dilution 
of 1 : 600,000. This agglutination has absolutely nothing to do 
with the haemoglobin, since it also occurs in the case of the 
dissolved blood-corpuscles — i.e., with the stroma by itself. The 
serum appears to contain substances that have a restrictive 
influence upon the action of the ricine; at least it acts more 
energetically in diluted blood. 

This ricine coagulation is quite distinct from the true coagu- 
lation of the blood. Any possibility of its being a simple 
coagulation is indeed excluded by the fact that it can be 
observed in defibrinated blood ; but apart from this, the process, 
as such, can be distinguished from coagulation by the fact that 
it is not influenced by sodium chloride, potassium nitrite, and 
potassium chlorate. Fibrin coagulation is even retarded by ricine. 
Moreover, the soKsalled ricine fibrin — t.e., the colourless washed 
ricine precipitate — is absolutely different from true fibrin. 

^Stepanoff, "fitudes sur la ricine et rantirioine," Ann, Past., x., 663> 
1806. 

^Robert, **Ueber vegetabilische BlvitSkgglvLtmme," Sitzurigsher. d. naturf, 
Oes,, Rostock, 1900, xxv. [5] (reprint), 
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With large doses of ricine the agglutination is followed by 
diffusion of the colouring matter of the blood, so that ricine 
has thus also a hcemolytic action. According to Jacoby this 
haemolysis is only an intensified form of agglutination and not 
a separate process. 

The agglutinating action is not restricted to the blood. Lau 
found that ricine also caused the agglutination of pus cells and 
the cells of organs, that it coagulated milk, and produced coagu- 
lations in solutions of white of egg and of plasmon, but did not 
affect solutions of myosin and human serum ; while Stillmabk 
obtained precipitates by means of ricine in the sera of the dog, 
cat, ox, and hen. 

The blood-corpuscles of different species of animals vary as 
regards their susceptibility, just as they do in the case of 
bacterial lysines. 

The blood of highly immune animals — e.g., goats — is yet 
completely susceptible to ricine poisoning, so that immunity 
through lack of receptors, comparable with natural immunity, 
does not occur. 

Lau^ concluded that the blood-corpuscles of fish were abso- 
lutely proof against ricine, but Frankel ^ showed that this was 
only relative and that the introduction of larger doses of ricine 
caused agglutination of the blood of even the barbel {Bd/rhus 
JtuviatUis), This resistance is due to the presence of a normal 
anti-body in fish serum. Ricine antitoxine from goats' blood 
also possesses this protective power. Yet, on the other hand, 
normal barbel serum has no antitoxic effect upon the action of 
ricine in cats' blood. 

Great interest attaches to the question of how far this action 
upon the blood in vitro has a bearing upon the occurrence 
of general ricine poisoning. The older investigators, notably 
Stillmark, were inclined to believe that the haemorrhage and 
necroses could be explained by a similar process of coagulation 
within the lumen of the vessels. Yet, on the one hand, 
thromboses have never been found; and, on the other hand, 
as was shown above, these symptoms must be regarded as 
irritant effects of the poison in loco. Nor is any stoppage of 
the brain arteries suggested by the central symptoms. 

But, above all, this theory that the action of ricine upon the 
blood might be made responsible as the cause of death is 
disproved by the fact that Muller was able to show that this 

^Lau, "Ueber vegetabil. Blutagglutinine," Dissert., Rostock, 1901. 
2 Frankel, "Ueb. d. Wirkg. d. Kicins auf Fischblut," JTofm. Beitr., iv., 
224, 1903. 
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agglutination never occurred at all in the living blood. He 
also discovered that pepsin-hydrochloric acid checked this action 
upon the blood without aifecting the toxic power — a result 
which, it is true, was denied by Lau, but was conclusively 
confirmed by Jacoby (vide infra). 

This question is particularly important because it should 
furnish an argument for deciding whether ricine is an individual 
substance, or whether its action upon the blood ought to be 
regarded as quite distinct from its toxic power, in the sense that 
there are two separate constituents of the castor seed, exerting 
their activity in a different way — ^a point of view put forward, 
e.g., by Cushny and Muller. 

It is, however, extremely probable that the question in this 
form is not sufficiently precise. It is quite in accord with 
Ehrlich's theory that ricine should be a receptor of the second 
class of a somewhat complex constitution, possessing only one 
haptophore group but two ergophore groups — viz., a toxophore 
group which causes the poisoning, and another group producing 
the agglutination, and for which the term ** agglutinophore " 
group has been suggested. 

This theory can be readily supplemented by the further 
hypothesis that these two ergophore groups differ in their degree 
of stability, a difference of susceptibility to digestion with 
pepsin-hydrochloric acid being in fact capable of detection, so 
that even to explain this phenomenon it is unnecessary to 
assume the existence of two substances. 

On the other hand, however, it is not as yet possible to demonstrate 
more fully the manifold nature of ricine poisons. As Frankel has shown, 
the antitoxine of normal barbel serum is absolutely devoid of protective 
power against the action of ricine upon cats' blood on the one hand, and, 
on the other hand, also against its toxic action upon rabbits and even upon 
the barbel itself, so that here there is evidence in support of the view tnat 
there is a distinct fish blood agglutinine and fish poison. 

We cannot discuss this question more fully until we are able 
to consider the action of ricine in the light of the side-chain 
theory. As in the case of all true toxines there are four points 
that justify a poison being included among the haptines. 

We have already touched upon the small lethal dose, the 
incubation period, and the variable toxicological behaviour. 
But the most important point of all is the formation of a/nti- 
toxine in the organism, the production of active and passive 
acquired immunit/y. 

In this respect, also, the behaviour of ricine exactly corresponds 
with that of the bacterial toxines. It was, in fact, experiments 

13 
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with ricine that led Ehrlich to his epoch-making researches 
upon antitoxic immunity. 

Immunity against Ricine. — Ehrlich* succeeded in rendering 
white mice and rabbits immune against ricine by first introducing 
small doses per os (and, in the case of rabbits, also by way of the 
conjunctival sac), and then, after attaining a certain degree of 
immunity," he was able by cautiously increasing the doses in sub- 
cutaneous injection to reach a fairly high state of immunity, the 
process taking about four months. Mice previously treated in 
this way were capable, after eight weeks, of resisting the lethal 
dose for a man. While a dose of 1 c.c. in a dilution of 1 : 200,000 
per 20 grms. of body weight was absolutely fatal to the animals 
used in control experiments, Ehrlich was able to give doses of 
1 c.c. of solutions of 1 : 500, or even 1 : 250, to the immunised 
animals, so that from 400 to 800 times the original immunity 
was obtained. It was no longer possible to produce pano- 
phthalmitis in immune animals even by the introduction of 
large doses, although there was still a frequent occurrence of 
the local necroses. 

Now, the serum of these immunised animals contains an cmti- 
riciney which, just like the bacterial antitoxines, is capable of 
combining with the ricine in vitro in such wise that both its 
toxic and agglutinating action are prevented in accordance with 
definite numerical laws. A special point of importance in this 
connection is the fact, also established by Ehrlich, that the 
same quantity of serum can influence both actions in the same 
way. A further proof that there is here a simple combination 
between thetoxine and antitoxine has been brought by Danysz,^ 
who found that on treating a neutral mixture of ricine and anti- 
ricine with proteolytic enzymes the antitoxine could be destroyed, 
so that the toxic power again appeared ; animals that had been 
given an exactly neutral mixture per os died of typical ricine 
poisoning. 

Ehrlich's fundamental experiments have since been confirmed 
and extended by M. Jacoby ^ in a very exact and theoretically 
far-reaching investigation. 

Jacoby agrees with Ehrlich's conclusion that there is a true 
quantitative combination in the action of antiricine upon ricine, 

1 Ehrlich, **Exper. Unters. iib. Immunitat," Deutsch, med. Woch., 1891, 
976, 1218; "Zur Kenntnia d. antitox. Wirkg., " Fortachr, d. Med., 1897, 
41. 

^ Danysz, "Melanges des toxines avec les antitox.,'* Ann. Past., xvL, 331, 
1902. 

* Jacoby, **Ueber Ricinimmunitat," Hofm. Btitr. z, chem. Physiol, u. 
Pathol., i., 51, 1901. 
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and that antiricine consists of broken-off normal receptors. He 
has observed a very interesting deviation from the bacterial 
toxines. If an active immune serum be brought into contact 
with solutions of ricine a distinct precipitate is formed, which is 
also the case when solutions of antiricine are used (vide infra). 
On the other hand, there is no precipitate produced when active 
ricine is treated with normal serum or with destroyed antiricine, 
or when ricine rendered inactive by boiling is brought into con- 
tact with antiricine. 

Danysz {loc, cit,) simultaneously investigated this precipitate, and found 
that there was invariably an optimum of suimixture at which the strongest 
precipitation occurred. We shall return presently to the conclusions that 
he drew from this result. 

This combination of ricine with antiricine is, as Jacoby rightly 
concludes, a primary one. The resulting neutral compound is, 
however, in this case only sparingly soluble, and thus forms a 
precipitate which also carries down, as usual, other proteids 
of the serum ; for this is the only way of explaining the amount 
of the precipitate. But there can be no question 6f any precipita- 
tion of proteid by some precipitins that has been formed, and of 
this precipitate then carrying down with it the mixture of ricine 
and antiricine ; for even ricine that is free from albumin produces 
in the organism a serum that gives the albumin reactions. More- 
over, the strictly quantitative combination that is formed is 
opposed to the view that there might be any removal of the 
toxic power of the ricine by adsorption during a simultaneous 
precipitation of proteids ; for the proteid precipitates containing 
ricine that have been formed in another manner — e,'g., by nucleic 
acid {vide supra) — are poisonous, whereas this precipitate is not. 
But as soon as there is any excess of ricine present, the filtrate 
remains poisonous in exactly the degree corresponding to that 
excess. A removal of toxic power so quantitatively regulated 
cannot be accounted for by adsorption. 

An apparently paradoxical phenomenon can be simply ex- 
plained by the theory. The washed erythrocytes of highly- 
immunised a/rmruds are at least as susceptible, and apparently 
still more susceptible than the normal erythrocytes. It is 
theoretically conceivable that the power of forming receptors 
may become temporarily spent, so that the erythrocytes may 
contain few or none at all, with the result that their suscepti- 
bility may be very insignificant, or nil ; this appears to happen 
frequently in the case of eels^ blood (q,v,). 

Conversely, the theory can also assume the possibility of the 
erythrocytes being endowed with the power of a very vigorous 
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formation of erythrocytes, so that they thus contain more than 
the normal quantity, and that their susceptibility is therefore 
unmistakably increased. 

On the other hand, it is obvious, and has been confirmed 
by the facts, that the erythrocytes in the natural serum of 
immune animals receive very considerable protection from 
the presence of anti-bodies in their serum. In one experiment 
Jacoby found such blood to require ten times as much ricine 
to produce the maximum agglutination as in the case of normal 
blood. 

This phenomenon of the haptines combining with the free side 
chains in preference to those in combination has been observed 
in the case of all toxines. The free receptors appear almost 
absolutely to have a greater degree of afl&nity than those attached 
to the cells. 

This fact forms the basis of every " cure " in cases of toxine 
poisoning — i,e., the disruption by means of the antitoxine of 
a combination already formed with the cell. We have already 
shown in their respective places that this curative action is only 
possible for a very short time after the combination in the case 
of diphtheria and tetanus ; a very similar state of things is also 
found with the blood poisons, for Madsen was able to detect in 
the case of tetanolysine (q.v,), and Jacoby, in the case of ricine, 
an arrest of agglutination through the subsequent addition of 
antiricine. 

But, in spite of its slight afl&nity, the haptophore group of 
ricine combines in the absence of free receptors just as quanti- 
tatively with those attached to the erythrocytes ; and just as 
tetanus poison becomes fixed to the central nervous system so is 
ricine quantitatively attached to the erythrocytes, so that the 
mixture has no action upon a fresh quantity of blood. 

The agglutinating action is thus completely paralysed through 
the quantitative combination of its substratum with the erythro- 
cytes. We ought, therefore, to conclude a priori that if ricine is 
an individual substance the toxic power of such mixtures should 
also be destroyed. This, however, is not the case. Mulleb 
found that ihe filtrates from the precipitates produced by ricine 
were devoid of agglutinating power, but yet were poisonous, 
although to a considerably reduced extent, and without producing 
the typical appearances on post-mortem dissection. 

These experiments were not regarded as quite conclusive by 
Jacoby. In his opinion it was possible that there might be still 
some ricine mechanically carried down in the precipitate formed 
in the blood, and that this ricine might again be liberated during 
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the slow filtration.^ But even Jacoby's own experiments, made 
with unfiltered blood rendered non-coagulable, gave the same 
results. The mixture had the same degree of toxic power. He 
himself, however, raises the very important objection that 
although the poison in this way reaches the cells of the tissues 
in a combined form, these cells may very well possess the power 
of decomposing this combination and of attracting the poison to 
themselves to their own injury. For the receptors of the tissues, 
like the free receptors, may possess greater affinity for the toxine 
than do the erythrocytes, although, again, it must be less than 
that of the free receptors ; otherwise no immunity against the 
toxic action could be produced. 

This view is also supported by an argument which, to my surprise, was 
overlooked by Jacoby. If we assume that the tissue receptors combine 
more readily with the haptophore group of the ricine than does the latter 
with the receptors of the blood-corpuscles, we have an explanation why in 
cases of the poisoning of living animals with ricine the symptoms produced 
in the blood are so slight in comparison with the general symptoms, a fact 
for which it is otherwise difficult to account. 

These experiments, too, do not decide the question whether or 
no ricine consists of two separate substances. 

Jacoby, in a further research,^ made use of Ehrlich's method 
of separating hsemoly sines, by subjecting mixtures of ricine with 
blood-corpuscles to centrifugal force. The agglutinating power 
was invariably found to have disappeared from the liquid, 
whereas the amount of toxine varied from 25 to 90 per cent, of 
the original amount. The poison had never combined quanti- 
tatively with the receptors. Its action was also qualitatively 
unchanged. 

Jacoby next rendered animals immune by means of this 
poison freed from the agglutinine. The immune serum thus 
obtained showed not only antitoxic, hut also anti-agglutinating 
power, although the plasma poison freed from agglutinine 
required less antitoxine than ordinary ricine. 

Exactly similar results were obtained with ricine that had 
been previously treated with pepsin-hydrochloric acid. This 
agglutinine-free poison also produced an antitoxine which had an 
influence upon both functions of the ricine. The action of 
pepsin-hydrochloric acid upon ricine had already been studied by 
Jacoby in his earlier investigation, and he had been able to 
confirm Muller's assertion that the agglutinating power was 
considerably reduced, even to ^ of its original amount. 

^ Loc. cit,y p. 68. That is, if I have correctly understood the drift of 
the argument, which is somewhat too briefly expressed. 
2 Jacoby, "Ueber Ricinimmunitat," Hofm, Beitr., ii., 635, 1902. 
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But the same amount of antitoxine was required after the 
experiment as before to neutralise the greatly reduced agglutinat- 
ing power, as well as the unaltered toxic activity. One c.c. of 
antitoxine was required to neutralise the extraordinarily small 
agglutinating power of 5 c.c. of pepsin-ricine j but the same 
quantity was also sufficient to destroy the toxic activity of the 
same quantity corresponding to at least 15 mgrms. of ricine (30 
lethal doses). But, more than that, it was possible still to add 
enormous quantities of poison (up to 8 c.c. of pepsin-ricine) 
without killing the animals, though they certainly became 
emaciated. 

One is strongly reminded by these facts of the conditions 
observed in the case of bacterial toxines, especially those of 
tetanus and diphtheria. There, too, Ehrlich found that more 
than a single lethal dose had to be added to a completely neutral 
mixture (Lq) in order to obtain L+ (see the value D in the 
General Part). 

Another very interesting result was shown by Jacoby's ex- 
periments — viz., that whereas 1 c.c. of antitoxine was required 
to neutralise 0*26 c.c. of ricine solution he/ore the treatment with 
pepsin, the same quantity was sufficient for 5 c.c. cbfter the treat- 
ment. At the same time the toxic action remained unchanged, 
so that any possible destruction of the ricine molecules was out 
of the question. 

It surely follows from these experiments that a large number 
of the haptophore groups must have disappeared^ which, in the 
untreated ricine, had combined with the receptors of the serum, 
but, subsequently, no longer had any attraction for the anti- 
ricine. But these haptophore groups could not have corresponded 
with the toxophore groups, since the toxic power remained un- 
changed. We are thus inevitably driven to the conclusion that 
7ion-poisonous haptophore groups must have been present in the 
crude ricine. Jacoby is thus justified in his conclusion that 
there are ricine toxoids which are destroyed by pepsin-hydrochloric 
a^cid. And they must also be syn- or protoxoidsy since they are 
simultaneously saturated on neutralisation. 

The conditions are quite the reverse in the case of the 
agglutinating function. It is true that the number of hapto- 
phore groups also shows a decrease here, but to a smaller extent 
than that of the ergophore groups. If, now, we assume that the 
haptophore groups are the same, it is probable that there are 
here formed new toxoids of a, peculiar kind^ which consist of only 
the haptophore and toxophore group, and have lost their agglutino- 
phore group. 
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And in support of the view that the haptophore groups are 
actually identical, and that ricine is thus an individual haptine, 
though of complex structure, we have, above all, the fact that 
the antitoxic and anti-agglutinating action remain just the same 
after the treatment with pepsin, and the results of immunising 
experiments with ricine devoid of agglutinine (vide supra). In 
the case of haptines that were undoubtedly distinct, such as, e.g,, 
tetanospasmine and tetanolysine, Ehrlich was unable to observe 
any trace of such a parallelism. 

On the other hand, much can also be said against their 
identity, so that the question cannot yet be regarded as definitely 
settled. But if we grant their identity commercial ricine must 
consist of the complex groupings represented in the diagram — 

toxophore ■^^^-<^- — »g8»«ti»»0P»»<>re 



. J^y^^^/^ agglutinophg 

\ij haptophore 



and also of toxoids, either without any ergophore group,^ or with 
only the agglutinating group thus — 




These are eliminated by pepsin, possibly with the formation 
of toxoids with groupings in this form — 







Fresh ricine, like diphtheria poison, appears to contain less 
toxoids, for according to Jacoby, Merck's preparation gradually 
decreases in its activity. 

In addition to these bodies, which we are obliged to regard as 
pro- or syn-toxoids, there appear to be also toxones of ricine, 
though Jacoby has not touched upon this point ; at least this 
conclusion can be drawn from the ratios of D (L+ - Lq) given 

^ This is really the more probable ; it is difficult to conceive that there 
should be toxoids containing such a sensitive group as the agglutinophore 
group. This question, however, is of quite secondary importance. 
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above, which exactly recall those observed in the case of 
diphtheria poison. 

It is as doubtful in the case of ricine as in that of the bacterial 
poisons whether there are not cases of dissociated equilibrium 
here. Danysz {loc, cit.), in fact, observed very striking ratios. 
The fact that there is an optimum point of mixture (vide supra) 
for the production of the largest precipitate is only a fairly 
weighty argument; and a far more important reason is that, 
according to Danysz, there is never an absolutely neutral mix- 
ture. He found that these mixtures invariably possessed both 
toxic and antitoocic action — i.e., that although they themselves 
had a slight toxic action they were yet able to retard or 
altogether prevent death on the addition of a whole lethal dose. 
His speculations based on these facts are very similar to those 
of BoRDET (see General Part), It is probable that the truth is 
that we have here to deal with dissociated conditions of equili- 
brium, such as were found by Arrhenius and Madsen in the 
case of tetanolysine. 

ANTIRIGINE. 

Jacoby has also made attempts to isolate antiricine. It may 
at once be mentioned that any separation of an antitoocine from 
an antia^glutinine has not been found possible by any method, 
and that, notwithstanding the theoretical considerations given 
above, we have thus in practice to deal with an individual 
substance. 

Antiricine when salted out with ammonium sulphate is quan- 
titatively precipitated in the fraction that falls when the degree 
of saturation reaches ^ to J of the total amount. In this way 
it can be separated from a large proportion of the other colloids. 

Experiments with trypsin on the same lines as described above 
in the case of ricine showed that it absolutely resisted the action 
of that enzyme. 

Antiricine was quite unaltered after two hours' heating at 
60* C, and after digestion for thirty minutes with an equal 
amount of N/10 sulphuric acid or N/10 soda solution at 37"* C. 
Pepsin-hydrochloric acid had no effect upon antiricine after an 
hour at 35" C. On the other hand, it was destroyed by acids 
at 60° C. 

Antiricine thus appears to be a substance resembling the 
bacterial antitoxines in stability. It is a simple receptor of 
the first class, but provided with only one haptophore group. 

Stepanoff {loc, cit) was able to detect antitoxine in the blood 
of rabbits, even twenty-four hours after the injection of serum 
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containing antiricine. After seven days both the antitoxine and 
the power of resisting the poison had disappeared. He found it 
neither in the urine nor in the intestinal tract, and there is thus 
no evidence of its being excreted ; presumably it was oxidised 
in the system. 

ABRIKE. 

Abrine, a toxine closely resembling ricine, is contained in the 
seeds of the jequirity (Abrus precatorius), a plant indigenous to 
the East Indies, and possibly also to Brazil. It is found in 
almost every part of the plant (Henseval i). 

It was discovered by Bruylants and Vennemann^ who were 
the first to announce that the active principle of jequirity seeds 
had nothing to do with bacteria, but was an enzyme, a toxic 
proteid. The same results were obtained by Warden and 
Waddell^ working under the direction of Robert Koch in 
Calcutta. Sidney Martin* found that abrine consisted of a 
globulin and an albumose. The action of the albumose resembled 
that of the globulin, but was much weaker — i.e., according to 
our present views more poison attaches itself to the globulin 
than to the albumose, while the true poisonous principle is 
distinct from either. 

Its hsemolytic capacity was discovered by Robert in 1889 
and investigated by his pupil Hellin.^ 

Its action is so similar to that of ricine that Ehrlich {loc. 
cit.) considered it necessary to prove its individuality. Some 
differences were observed which showed beyond doubt that 
abrine, although very similar to ricine, was yet a distinct 
substance. 

It is much less poisonous than ricine, especially per os, 
Ehrlich found that solutions of the same strength (1:100,000) 
killed mice, on subcutaneous injection, in six days, whereas in 
the case of ricine they caused death even after sixty hours. 
On the other hand, Calmette (vicle infra) found 0-5 mgrm. 
per kilo, fatal to rabbits within forty-eight hours, while the 

^ Henseval, ** L'abrine," La Cellule, xvii., 139 ; Mcdya Jb., xxxi., 910. 

'^ Bruylants and Vennemann, "Le Jequirity," -Bi«W. Acad, Mid, Belg., 
[3], xviiL, 147, 1884. 

' Warden and Waddell, Non-hadUar Nature of Abrus Poison, Calcutta, 
1884. 

* Martin, "The Proteids of the Seeds of Abrus," Proc, Roy, Soc,, xlii., 
331, 1887; Martin and Wolfenden, <* Physiol. Action of the Seeds of 
Abrus prec.," ibid,, xlvi., 94, 1889-90; Martin, "The Toxic Action of 
the Albumose from Seeds of Abrus prec," ibid,, xlvi., 100, 1889-90. 

'Hellin, "Der giftige EiweisskiJrper Abrin.," Dissert,, Dorpat, 1891. 
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lethal dose for a mouse was 001 mgrm. The lethal dose for 
1 grm. of mouse was found by Romer^ to be 0-0005 mgnn. 

Like ricine it produced inflammation, but necroses were seldom 
observed. On the other hand, a specific action of abrine is that 
it causes the hair to fall out rapidly around the point of injection, 
until complete baldness results. 

The appearance on post-mortem dissection is almost the same 
as in the case of ricine; an additional effect being a characteristic 
hydropic degeneration of the muscle of the heart (Werhofsky^). 
Unlike ricine it also acts in small doses on fishes' blood (Lau, 
loc. cit). 

But the conclusive fact is i^at a state of immunity can be 
produced against abrine, which does not afford protection against 
ricine ; in like manner animals rendered proof against ricine are 
not immune to abrine. 

Action upon the Eye. — ^The action of abrine upon the conjunc- 
tiva is much more energetic than that of ricine, injection being 
followed by serious permanent lesions of the cornea or by 
panophthalmitis. In consequence of its energetic irritant 
action abrine is sometimes used in ophthalmic medicine, the 
violent inflammation produced frequently causing the dis- 
appearance of new inflammatory vessels and leucoma in the 
cornea. The maximum initial therapeutic dose is given by 
RoMER^ as about 00 1 mgrm. for rabbits. 

According to Ehrlich the action of abrine can be regulated 
by immunising the conjunctiva itself with increasing doses. For 
practical purposes Romer has carried this immunisation to such 
a pitch that it is possible to avoid all the more serious symptoms 
without affecting the therapeutic action. Antitoxine is then 
produced in the conjunctiva itself. 

Fart of the poison is also absorbed from there and produces a 
general formation of antitoxine and immunity, although not to 
so pronounced an extent as after subcutaneous injection. The 
greatest degree of immunity attained was 500 antitoxic units, 
and local immunity was produced more rapidly than general 
immunity. Passive immunisation of the connective tissue with 
antiabrine serum only affords protection so long as the antitoxine 
itself is still present. On the other hand, the subcutaneous in- 
jection of large doses of antitoxine also protects the eye. An 
attack of abrine ophthalmia can be successfully treated by local 

^ Bomer, "Ueber Abrinimmimitat," Arch,f, Ophthcdm,, lii., 90, 1901. 
2 Werhofsky, ** Beitr. z. pathol. Anat. der Abrinvergiftung,'* Zeiglera 
Beitr, z, pathol. Anat,, xviii., 116, 1895. 
8 Romer, "Ueber Abrinimmunitat," Arch,/, OphthcUm,, lii., 72, 1901. 
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application of therapeutic serum, even in very severe cases. The 
subcutaneous introduction of. large doses also has a therapeutic 
action. The local immunity of the eyes lasts longer than the 
general immunity.^ 

Properties of Abrine. — Experiments to obtain an insight into 
the constitution of abrine have been made by Hausmann,^ who 
has applied to this toxine the metiiod used by Jacoby for ricine 

Abrine is precipitated by saturating its solution with am- 
monium sulphate to the extent of 60 per cent., and can be 
freed from part of the proteid thrown down with it by repeated 
precipitation. Abrine thus purified has a very energetic toxic 
action, so much so that animals frequently die before the appear- 
ance of necroses and intestinal symptoms. 

Abrine resembles ricine in resisting the action of trypsin. 
Hence it was found possible, as in the case of ricine, to obtain 
a preparation which, while possessing a high degree of toxic 
power, no longer gave the biuret reaction. 

On the other hand, its agglutinating power is very much more 
resistant to the action of pepsin-hydrochloric acid than is that of 
ricine (g.-y.), and when the action of the enzyme is very energetic 
the toxic and agglutinating functions eventually disappear almost 
simultaneously. 

With this exception there is nothing special to be said with 
regard to the chemical reactions of abrine ; so far as is known 
it behaves in exactly the same manner as ricine in this respect. 
According to Calmette^ it is rendered inactive by iodine tincture, 
gold chloride, and hypochlorites. 

It is apparently but little affected by the digestive fluids. 
Hellin, alone, has found that it is desfa'oyed by the enzymes 
of the intestine. On the other hand, according to Nencki and 
Schoumow-Simanowski * pepsin has no influence upon abrine. 

In like manner it was found by R^pin*» that the diluted 
digestive fluids and also the living mucous membrane of the 
stomach and intestine and the intestinal bacteria were inactive. 
He is inclined to believe that the smaller toxic effects on intro- 
duction of the poison per os, which, according to Henseval (loc. 

^ Rehns, "Immunity acquise centre Tabrine," Soc, Biol,, Ivi., 329, 1904. 
2 Hansmann, **Zur Kenntnis des Ahnna" Hofm, Beitr,, ii., 134, 1901. 
'Calmette and D^l^rde, "Sur les toxines non-microbiennes," Ann, 
Past,, X., 676, 1896. 

* Nencki and Schoumow-Simanowski, ** Die Entgiftung d. Toxine d. d. 
Verdauungskanal," CentrcUbl,/, Bake,, xxiii., 840, 1898. 

* Repin, **Sur Tabsorption de I'abrine par les muqueuses," Ann, Past., 
ix., 617, 1895. 
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cit\ are from 200 to 250 times less than in the case of sub- 
cutaneous injection, are due to the fact that, on the one hand, 
abrine is extremely susceptible to the action of acids and is thus 
partially destroyed in the stomach ; and that, on the other hand, 
it is extremely indiffusible. He found that after forty-eight 
hours' dialysis the proportion that had passed into the water 
did not amount to 1 : 250. Hence it remained in the intestine, 
and he was able to find it again in the faeces. Henseval, 
however, asserts (loc, cit.) that it is also absorbed by way of 
the intestine and rectum, as well as of the bladder and 
peritoneum. 

Calmette and Dj^leabde investigated the excretion of abrine. 
The blood from the heart of poisoned animals was found to be 
toxic in large doses (10 mgrms. introduced by intravenous in- 
jection) ; but the urine was absolutely free from toxine. On 
the other hand, however, they found that abrine appeared again 
unaltered in the intestinal tract, when injected intravenously 
into rabbits. Neither the blood from the heart nor the contents 
of the intestine of immunised animals were found to contain any 
poison that had been introduced. 

An interesting fact which Calmette^ was able to demonstrate with the 
aid of specific antitoxines is that the poisoned wood shavings with which 
the Indians, with malevolent intent, poison cattle are smeared with 
particles of jequirity; the poison on the rags impregnated with snake- 
venom and inserted into the rectum of oxen so as to poison them, could 
also be identified in the same way. 

Some experiments made with antiabrine serum by Calmette 
and DtL^ARDE may also be mentioned here. 

Antiabrine loses its activity at 58' C. Calcium chloride and 
gold chloride have no efiect upon it. 

According to Hausmann (loc. cit.) the agglutinating power is 
considerably increased by the addition of very slight doses of 
antiabrine, which is doubtless to be attributed to the elimination 
of inactive proagglutinoids (protoxoids), which have a restrictive 
influence. 

On mixing abrine and antiabrine a copious precipitate is 
formed, as in the case of ricine, even when abrine that gives no 
biuret reaction is used. 

^ Calmette, "Sur le serum antiv6nimeux,'^ Comptes Bend.t cxxii., 203, 
1896. 
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GROTINE. 

A third toxine closely allied to ricine is found in the seeds of 
Croton tiglium, an East Indian plant belonging to the Euphor- 
biacecB, from which croton oil, the most powerful purgative known 
to us, is extracted. 

Stillmark (loc. cit) was the first to prepare the toxic principle 
of these seeds, using methods analogous to those employed in the 
preparation of ricine. 

A fuller investigation of crotine was made by Elpstrand.^ He 
decorticated in the presence of alcohol and ether, and extracted 
them with water, a 10 per cent, solution of sodium chloride or 
glycerin, precipitated the active constituent by means of alcohol 
or ammonium sulphate, and purified it by dialysis. 

It presents many analogies with the other toxines. In solu- 
tion it is destroyed at 70* C, while the dry seeds are rendered 
non-poisonous at 110° C. Pepsin-hydrochloric acid is said to 
destroy it. 

Toxic Eflfects of Crotine. — The lethal dose for frogs was found 
by Elfstrand to be about 0'23 grm. per kilo. The symptoms 
preceding the death of the animals were progressive paralysis and 
decrease in the reflex excitability and of the faradic excitability, 
affecting first the brain, then the spinal cord and nerves, and 
finally the muscles. Here again hypersemia and ecchymoses of 
the intestinal membrane were also observed. Crotine has only 
a slight influence upon the heart, and the end -plates of the 
motor and sensory nerves are not aflfected. 

Fike are killed by a dose of 0*04 to 0-1 grm. per kilo., the main 
symptoms being dyspnoea and paralysis. 

In the case of warmrblooded animals (rabbits, dogs, cats, rats, 
hens, (fee.), local inflammation and necroses are also produced by 
crotine, although only to a slight extent. It is far less poisonous 
than ricine or abrine (lethal dose, about 0*05 to 0*1 grm. per 
kilo.), and is also much less active when introduced per os. 

The general symptoms are very similar to those produced by 
ricine, viz., convulsions, lowering of the pressure of the blood, 
diminution of temperature, respiratory paralysis, <fec. A slight 
eflFect upon the eye can also be detected. 

The appearance on post-mortem dissection is also very similar. 

Action upon the Blood. — Elfstrand found that crotine also 
had an agglutinating action upon the blood of oxen, sheep, pigs, 
pike, and frogs, and a very much smaller effect upon that of cats, 

^ Elfstrand, ** Ueber blutkorperchenagglutinierende Eiweisse," Odrbers- 
dor/er Veroffentlichungen, edited by R. Kobert, Stuttgart, 1898, 1. 
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while it had hardly any action upon human blood, and none at 
all upon the blood of dogs, guinea-pigs, rats, hens, geese, and 
pigeons. 

Lau (Zoc. cit.) supplemented these results by others, in which 
he observed agglutination in the blood of the perch, but none in 
that of the cat and hedgehog. Neither investigator found any 
agglutination in the case of rabbits' blood, but there was a haemo- 
lytic action. Crotine is stated not to possess the power of pro- 
ducing a precipitate with serum. It has an equal agglutinating 
action upon the washed erythrocytes and stroma. Oxygen is 
said to promote the action of crotine, while antitoxic substances 
that restrict its influence are present in tiie serum. It has no 
influence, or at least a very much slighter one than ricine, upon 
pus cells and other cells, but, on the other hand, it causes milk 
to coagulate. Ehblich and Morgenroth,^ and also Jacoby,^ 
have studied the mode of action of crotine hsemolysine with the 
aid of the modem methods of investigating hsemolysines. 

MoRGENROTH proved that crotine was a haptine by the fact 
that he was able to produce an immune serum in goats. 

Jacoby found no support for the view that crotinolysine con- 
sisted of an amboceptor and complement, and was inclined to 
regard it as a haptine of the first class, like ricine. 

By means of his experiments with partial saturation {cf. 
General Part), he has established that crotine must possess a 
complex constitution like that of diphtheria toxine, but it is 
noteworthy that very small doses of antitoxine increase the toxic 
action to a slight extent, since they eliminate the absolutely non- 
poisonous prototoxoids, which otherwise combine with part of 
the cell receptors, and thus reduce the toxic power. Then very 
rapidly, with the increase in the doses of antitoxine, the bulk of 
the poison is neutralised, and after that comes a wide zone with 
very slight affinity — i.e., the toxonea — which no longer eflFect 
complete haemolysis, but witii which Jacoby was yet able to 
produce immunity. 

As is the case with other blood poisons (see, e,g,, Arachno- 
lysine), insusceptibility and lack of power to combine with the 
poison also go hand-in-hand here. The blood-corpuscles of dogs 
and guinea-pigs do not combine with any trace of crotine. 

A thermostable anticrotine, which apparently restricted the action of 
crotine in accordance with quantitative laws, was found by Jacoby in the 
extract of the mucous membrane of the stomach. 

lEhrlich, "Verb. Ges. Charit^-Aerzte, Feb. 1898," Berl. Uin, Woch,, 
1898, No. 12. 
2 Jacoby, "Ueber Crotin-Immupitat," Hofm, Beitr.y iv., 212, 1903. 
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It was more fully investigated by LusT,^ who found that it could be pre- 
cipitated by alcohol, thab it was ** salted out'* by ammonium sulphate (60 
per cent, solution), and was not attacked by pepsin-hydrochloric acid. 



ROBINE. 

Robine, a fourth vegetable toxine, resembling ricine, was 
discovered by Power and Cambier^ in 1890, and described by 
them as a phytoalbumose. Its power of agglutinating the blood 
was also discovered by Kobert. It is found in the bark of the 
so-called acacia, Rohinia psevddcacia. 

Its poisonous character had already been recognised as the 
cause of accidents to men and animals, several instances of which 
are cited by Lau (loc. cit). 

It acts upon the hlo(Hi in a similar way to ricine, though its 
action is considerably weaker, and is absolutely lacking in the 
case of the blood of cats, dogs, and man. 

In like manner its toxic power is disproportionately weaker 
than that of ricine and abrine. A dose of as much as 1 grms. 
per kilo, of body weight of robine freed from impurities by 
precipitation with potassium ferrocyanide and purified by re- 
precipitation with acetic acid (Merck's commercial preparation) 
was required to kill a rabbit in four days. Post-mortem dissec- 
tion showed nephritis, but otherwise noUiing characteristic." 

Ehrlich succeeded in producing immunity against robine, and 
discovered the fact that highly-immunised animals were also 
proof against ricine. Hence he is inclined to believe that robine 
is a toax)id of ricine, Jacoby has shown, as we have seen, that 
such ricine toxoids probably exist. 

A closer investigation of robine is urgently needed, since this 
question is of the greatest theoretical importance. 

HAT FKVER TOXINE. 

Poisonous substances of a proteid nature have recently been 
regarded as the primary cause of hay fever and " autumnal cold." 
Toxines are present, according to Dunbar and Wkichart,* both 

^ Lust, " Ub. einen Antikorper gegen Crotin im normalen Organismus," 
Ho/meisters Beitr., vi., 132, 1904. 

^ Power and Cambier, Pharmac, Joum,, 1890, 711; Pharm, JRdsch,, 
Feb. 1890, p. 30. 

' Dunbar, **Zur Frage betreffend die Aetiologie u. specif. Therapie des 
Heufiebers," Berl. Hin. Woch,, 1903, 24-26; id,, **Z. Aetiol. des Herbst- 
katarrhes/' ibid., 1903, 28. 
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in the pollen of grasses which produce hay fever in the spring, 
and in that of Ambrosiacecey to which is attributed the "autumnal 
cold " of America. 

It is sometimes possible to produce an antitoxine by immunis- 
ing horses. 

Further investigations are being made. 
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IV. —THE ANIMAL TOXINES (ZOOTOXINES), 

SNAKE TOXINES. 

Although venomous serpents have long been an object of fear 
and of interest to widely different races of man, yet the history 
of the investigation of their venom is quite recent. And this, 
one must admit, is remarkable, since surely nothing should have 
suggested itself more naturally to the scientific investigator than 
the application of recent results in toxicology, especially in con- 
nection with vegetable alkaloidal poisons, to the study of these 
poisons, which are as interesting to the investigator as they are 
important from the point of view of public hygiene. For, in 
India alone, more than 20,000 men perish annually from the bite 
of the cobra, I^aja tripvdicms. And yet this branch of research 
remained almost completely untouched until the investigations 
into the nature of bacterial poisons, and especially those in- 
augurated by Metschnikopp, Roux, and Yersin, compelled 
attention to be directed also towards these poisons, which have 
similar incredible toxic power. There were also external reasons 
for this neglect. The material for these investigations, at all 
events in the case of the most important venomous snakes, was 
hardly to be obtained in Europe. It was only when American 
medical science began to develop vigorously, and when the 
foundation of the modem Colonial Empires led to the study of 
tropical medicine, that the investigation of tropical venomous 
snakes also received special attention. We do not, of course, 
mean to assert that the poisonous characteristics of venomous 
snakes had not been frequently studied; this was notably the 
case with the South European vipers, and we shall give an 
outline of these earlier results in their proper place. But no 
systematic chemical and pharmacological investigation of the true 
poisonous substances was made until a relatively late period, 
when the study of bacterial poisons had opened up quite new 
avenues. Of the older researches mention may be made of those 
of FoNTANA,* Fayrer and Brunton,^ and Wall,^ with whose 
results we shall deal presently. 

^ Fontana, Trattado del veleno ddla vipera, 1787. 

^ Fayrer and Brunton, ** On the Nature of the Poison of Naja tripudians, 
&c.," Proc, Boy, 8oc., xxii., 68, 1874. 

'Wall, **0n the Poisons of Certain Species of Indian Snakes," Proc. 
Boy, Soc., xxxii., 333, 1881. 

U 
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Naturally, search was first made, as we find almost universally in the 
history of toxines, for alkaloidal substances comparable with the ptomaines. 
Thus Gautier, in 1881, isolated two alkaloidal substances, nain and 
elaphin, from the venom of the ruija and the .TrigoriocepJicUtia {AmeriGSkn 
fer-de-lance) respectively. He himself, however, had to admit that these 
substances were relatively harmless; and hence, in this case, science 
was spared the process of disillusion which otherwise followed almost 
universally the original over- valuation of the ptomaines. 

Gautier, therefore, concluded that the "true active principle 
of snake poison contained nitrogen," but that it was " not of the 
nature of an alkaloid." 

About the same time, Weir Mitchell and Reichert,i in 
America, made a fuller investigation of snake poisons. 

The venom of European vipers (Felias herus) had already 
received somewhat more attention (Fontana, Valentin,^ and 
others). The true stage of development of this new branch of 
biology begins with these researches. Then follow the classical 
investigations of Calmettb, to which, supplemented by those 
of Martin, Fraser and Phisalix, and the quite recent work 
of Flexner, Kyes and Sachs, our present knowledge is, in 
the main, due. 

By a lucky chance, Calmette,^ who was then head of the 
bacteriological institute at Saigon, obtained possession of the 
fresh poison glands of 22 cobras, and this formed the starting 
point for his classical investigations. 

The poison glands of the serpents, which are similar to the 
salivary glands, are the true source of the poison; but Calmette * 
found that the blood of the cobra was also fairly poisonous. The 
intravenous injection of 2 c.c. killed a rabbit weighing 1,500 
grms. in three minutes. On the other hand, the liver and gall 
are not poisonous. Even the blood of otherwise harmless 
serpents (Tropidonotus) was found to be poisonous by Phisalix 
and Bertrand.s This blood poison has certain peculiarities 
with which we shall deal presently. 

The poison gland of the cobra yields on expression about 
3 grms. of a transparent viscous fluid, which when exposed to 

^ Weir Mitchell and Reichert, " Researches upon the Venoms of Poison- 
ous BerpentB,*' Smit?i8onian Contrib,, No. 647, Philadelphia, 1885; Wash- 
ington, 1886 ; emoted by Flexner, loc, ciL 

* Valentin, " Einige Beobachtg. iib. d. Wirkg. des Vipemgiftes," ZeiL /. 
Bid., xiii., 80, 1877. 

> Calmette, ** Etude exp^rimentale du venin de Naja tripudians,^* Ann. 
Past,, vi., 160, 1892. 

* Calmette, "Sur la toxicity du sang de cobra," /S^oc. Biol., xlvi., 11, 1894. 
"Phisalix and Bertrand, **Sur le presence des glandes venimeuses chez 

les couleuvres," Soc. Biol,, xlvi., 8, 1899. 
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the air congeals into masses. Calmette^ treated these glands 
with ' glycerin, with distilled water, and with a 10 per cent, 
solution of salt, and invariably obtained extremely poisonous 
extracts. The toxine acts most energetically when directly 
injected into the veins, and has less effect when injected sub- 
cutaheously or into the peritoneum and trachea ; it is absolutely 
without action when introduced into the intestine. 

The * quantity of poisonous saliva secreted was found by 
Calmette (1895) to amount, on the average, to 0*135 grm., 
corresponding to aix)ut 30 to 45 mgrms. of dry substance, 
provided that from eight iio fourteen days were allowed to 
elapse between the separate bites. On the other hand, after 
a lapse of two months each bite yielded about 0*22 grm. of 
saliva. The greatest amount that he was able to extract from 
the two poison glands of a dead snake was 1*136 grms. = 0*48 
grm. of dry substance. Similar results were obtained in the 
investigation of other venomous snakes. 

Thus, there is invariably a considerable increase in the amount 
excreted, and consequently in the danger from a bite when the 
snake has not bitten for a considerable time. The bite of 
hibernating snakesr-^.^., the European vipers — is thus the most 
dangerous in the spring. 

Preparation of the Poisonous Principle. — Snake toxines have 
not been prepared in even an approximately pure state. The 
methods of concentration are exactly the same as those employed 
for all toxines and enzymes. 

The poisonous principle can be extracted by water, salt 
solutions or glycerin, and purified by repeated precipitation, 
dialysis, &c. 

Martin succeeded in eliminating part of the inactive sub- 
stances present, by means of fractional coagulation, for on 
heating a solution of hojocephcdus poison in a 0*9 per cent, 
solution of sodium chloride, a foreign substance separated at 
85* C, while the true poison remained still active at 90* C. 

Calmette* subsequently used the following method in the 
preparation of a stable poison relatively free from proteids : — 
The solution of 1 grm. of cobra poison in 100 c.c. of water was 
filtered through sterilised filter paper, then heated in a hermeti- 
cally closed glass tube for thirty minutes at 75* C, and then for 
twenty-four hours at 80° C, after which it was filtered through 
paper to remove the separated substances and finally dialysed. 

^Calmette, ** Etude exp^rimentale du venin de Naja tripudians" Ann. 
Poit., vi., 160, 1892. 
^Calmette, " Sur le venin des serpents, &c.,'' Ann, Past,, xii., 214, 1897. 
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In this way he obtained 42 mgrms. of a dry residue, which 
still showed the biuret and Millon's reaction, but no other 
proteid reactions. The poison will pass readily through a 
Chamberland filter. 

Chemical Natnre of the Toxine. — After it had been found that 
the active agent was not an alkaloid there followed the usual 
period of toocalbumins, which to-day are practically discarded in 
the case of bacterial poisons. It is probable that snake poisons 
also are not proteids in the stricter sense of the word, and if 
that is so the attempts that have been made to investigate the 
proteids combined with them are, in the main, only interesting 
from the historical point of view. 

'Weib Mitchell found albumins in the poison of OrotcUtis durtsatta 
(rattlesnake), while Wolfkndbn^ isolated various proteids (globulins, 
albumin, and albumoses), but no peptone from the venoms of the cobra and 
Dahoia, Kanthack ^ regarded the poison as a proto-albumose. Martin 
and Smith ^ found a non-poisonous albumin, and two poisonous albumoses, 
a hetero- and protalbumose, but no peptone in the poison of Paevdechis 
porphyriactia and Hoploc&phcdua curtua. 

As regards the constitution of the toxines themselves nothing 
is known. 

Properties of the Toxine. — Snake poison shows all the proper- 
ties characteristic of impure toxines as regards precipitability, 
&c. Cobra poison, however, according to Calmette, forms an 
exception in not being carried down by freshly precipitated cal- 
cium phosphate, which is otherwise a general characteristic of all 
these colloids. It is also not precipitated by magnesium sul- 
phate, and thus contains no globulin. 

It dialyses slowly, but appreciably. Viper venom is weakened 
by passage through a porcelain filter (Phisalix *). It is much 
less affected by heat than other haptines. Cobra poison can 
resist a temperature of 90' C. for an hour, and of 38' C. for a 
day ; it is only slightly injured by being kept at 97° C. for half 
an hour, but its activity is completely destroyed after exposure 
for the same length of time at 98° C. On the other hand, the 
purified poison (Calmette, 1890) is very susceptible te a tem- 
perature of 80" C, a solution in distilled water being more 
affected than in that containing salt or glycerin. This is also 

^ Wolfenden, "The Venom of the Indian Cobra," Joum. of Phyaiol,, 
vii., 327, 1886 ; id., " The Venom of the Indian Viper {Dahoia)," ibid, 

2 Kanthack, " The Nature of Cobra Poison," Joum. of Physiol. , xiii., 272, 
1893. 

» Martin and Smith, ** The Venom of the Australian Black Snake," Proc. 
Boy. Soc. New South Wales, 1892, 240 ; Malys Jh., 1894, 404. 

* Phisalix, Soc. Biol, xlviii., 233, 666, 1896. 
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characteristic of all haptines. It is an important point that the 
poison of the blood of the cobra is much more sensitive to heat 
than the saliva poison, since it is rendered inactive even after 
ten minutes at 68" C. (Calmette and Delearde i). 

Faradic currents have no influence upon it, but continuous 
currents have a destructive effect in a solution containing sodium 
chloride, owing to the electrolysis and production of chlorine. 
Viper venom, however, is said to be injured by currents of high 
intensity (Phisalix). 

The toxine appears to resist the action of dilute phenol, mer- 
curic chloride (1 : 1000), copper sulphate, iodine, potassium 
iodide, alcohol, ether, chloroform, and essential oils. Ammonia, 
even in large doses, does not injure it until after a long time 
(Kanthack). This highly-valued remedy has thus no action, at 
all events, upon the poison itself. The poison of Yipera aspis 
remained active for twenty years in a specimen of the snake pre- 
served in spirit (Maisonneuve 2). 

A 1 per cent, solution of potassium permanganate, however, 
had a destructive eflFect upon the venom, and almost invariably 
saved the animal when injected into the same place immediately 
after the poisoning ; but even after the lapse of a short time the 
injection had no eflFect, as was also the case when the permangan- 
ate was introduced at another place, even into the veins, or in 
the immediate vicinity of the point of inoculation. Calcium 
chloride, too, has an injurious influence on the poison (Phisalix 
and Beeteand^). Gold chloride has a still more pronounced 
action, but platinum chloride has no eflFect. 

A 1 per cent, solution of gold chloride destroys the activity of the poison 
even when present in a very slight proportion. It also afibrds protection 
when introduced at^ other places, even against fairly large doses, and also 
for a short time after the poisoning. Calmette proposed to use this pro- 
perty of gold chloride for therapeutic purposes, but these results have been 
superseded by his own discoveries of an active immunisation and serum 
therapy. 

A series of very interesting experiments showed that snake 
poison was greatly influenced by certain substances that were 
quite inert in themselves, to which Phisalix,* in particular, has 

^Calmette and D^l^arde, **Sur les toxines non microbiennes," Amu 
Past., X., 675, 1896. 

2 Maisonneuve, ** Longue conservation de la virulence du venin des 
Serpents," Comptea Hend,, cxxiii., 513, 1896. 

8 Phisalix and Bertrand, 8oc, Biol., xlvii., 443, 1895. 

"* Phisalix, " La tyrosine vaccine chimique du venin du vip^re," Gomptes 
Bend., oxxvi., 431; id., "Les sues de champignons contre le venin du 
vip^e," ibid., oxxvii., 1036, 1898. 
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called attention in several publications. Tyrosin and cholesterin 
were found to possess this property. 

Extracts of fungi with chloroform water are also stated to have 
a protective influence, and also when injected beforehand to 
produce immunity, especially against viper poison, the protection 
beginning twenty-four hours after the injection, and lasting until 
the twenty-fifth day. 

The property possessed by these substances of rendering 
poisonous haptines inactive is due to a combination with the 
active principle, and has also been observed in the case of many 
other toxines, such as tetanus and botulotoxine. 

Action of Extracts of Organs and Secretions. — Starting from 
the fact of the resistance offered by snakes, including harmless 
species, to the poison, search was made for antidotes to snake 
toxines in the extracts of different organs. 

The bile, in particular, is in vitro an effective antitoxine. 
Snake poisons in general resemble bacterial poisons in being 
attacked by the bile. Whether the latter has only a simple 
destructive action — as, for example, in the case of diphtheria 
toxine — or whether it contains a definite antitoxine is not yet 
known with certainty ; we shall return to this point presently. 
We must, however, assume that the action is purely chemical, 
for, according to Calmette,i the sodium salt of glycocholic acid 
has the same effect, so that there is good reason for attributing 
the action of the bile as a whole to that substance. The bile 
retains this property even after being heated to 100° C, but 
loses it at 120" C. 

Having regard to the production of side-chain immunity in 
the case of tetanus, Myers ^ endeavoured to detect an antitoxic 
function in the organs of the body, but only found it in the 
extract of the suprarenal bodies. But even in that case there 
was only an increase in the resistance in vivo, and not any 
specific antitoxic activity. Calmette, too, found that no com- 
bination took place between the toxine and the nerve substance 
or extract of the liver. 

Flexner and Noguchi ^ have tested the neutralisation power 
of various organs upon three times the lethal dose of the poison 
of the copperhead snake, which killed a guinea-pig in forty-five 

^ Calmette, ** Sur le m^canisme de rimmunisation centre les venins," 
Ann. Past., xii., 343, 1898. 

2 Myers, "Cobra Poison in relation to Wassermann's New Theory of 
Immunity," Laiicet, 1898, ii., 23. 

' Flexner and Noguchi, "Snake Venom in relation to Haemolysis, &c.," 
J. ofExper. Med., vi., 277, 1902 (reprint). 
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minutes in acontrol experiment. . The only", organ", that had an 
energetic protective action was the brain. It retarded the death 
of one animal for nineteen hours, while another survived twice 
the amount - of a lethal dose which killed an animal in five 
hours in the control experiment. Extracts prepared ' from other 
organs did no more than retard the action to: some extent. The 
hsemolysine did not enter into combination in the slightest 
degree. 

Mode of Action of Snake Venoms.— Snake venoms, as we shall 
subsequently show more fully, contain, in addition to the two 
agents that act specifically upon the corpuscles of the blood, two 
poisonous constituents, neurotoxirie ajid_hcemorrhagine. Since 
the latter component manifests its activity chiefly in croUdus 
venom, and is almost entirely absent in the case of coVra venom, 
the following description deals primarily with the neurotoxine of 
the cobra and other snakes. 

This poison . is extraordinarily virulent. One drop of Cal- 
mette's first glycerin extract killed rats and . pigeons in less tHan 
an hour, and hens and rabbits in a somewhat longer time. 

Martin ^ found the lethal dose of the poison of Hoplocephcdus 
curtus (the tiger snake) for. rabbits to be 0*03 mgrm, per kilo. 
This poison is stated to be the most active. . 

Valentin found the lethal dose of the poison of Vipera aspis 
for the frog to be 0*5 mgrm. 

Flexner and Noguchi (loc, cit,) found that guinea-pigs were 
killed by a dose of 0*3 mgrm. of the venom of the copper-head 
snake (Ancistrodon contortrix), 

Calmette^ stated that in the case of a cobra that had not 
taken any food for eight months the virulence of the venom had 
considerably increased. While 7 mgrm. of the dry poison was 
originally required to kill a rabbit of 1,700 grms.j 0*25 mgrm. 
was sufficient after two months, and 0*1 mgrm. after the death of 
the snake (for a rabbit of 2,000 grms.). Similar results were 
obtained in the case of another cobra during three months. 

A comparative determination of the toxicity of dififerent snake 
poisons gave the following values : — 

^ Martin and Cherry, '' The Nature of the Antagonism between Toxines 
and Antitoxines," Proc, Roy, Soc., Ixiii., 420, 1898 : Martin, '* Relation of 
the Toxine and Antitoxine of Snake Venom," ibid., Ixiv., 88, 1899. 

2 Cabnette, " Contrib. k T^tude des venins," Ann, Past,, ix., 225, 1896, 
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Lethal Dose for 


Lethal Dose for 




Babbits of 


Guinea-pigs of 




1,600 to 2,000 grms. in 


450 to 550 grms. in 




3 to 4 hours. 


3 to 4 hours. 


Naja tripudians (1 to 3), 


0-3 to 0-6 mgrm. 


0*05 mgriii. 


Naja haje (4 to 6), 


0-3 „ 0-7 „ 


007 ,, 


Cerastes (horned viper), 


1*5 „ 2*0 mgrms. 


01 ,, 


CrotcUus, .... 


3-5 „ 


0-3 „ 


TrigonocephcUttSy . 


2-5 „ 


0-2 „ 


HoplocephcUus, 


2-5 „ 


... 


AcarUhophiSf 


10 „ 


0-08 mgrm. 



Elliot, Sillar, and Carmichael^ found the lethal dose per 
kilo, of body weight of the venom of Bungarua coeruleus to be 
as follows: — Frogs, 0*5 mgrm.; rats, I'O mgrm.; and rabbits, 
0*08 mgrm. 

According to Fraser and Elliot ^ the lethal dose per kilo, of 
body weight of the venom of the sea-snake (Enhydrina) is 0*09 
mgrm. for rats, 0*06 mgrm. for rabbits, and 0*2 mgrm. for cats. 

Guinea-pigs are thus twice as susceptible as rabbits. The dog 
is still less susceptible. The pig, hedgehog, and the mongoose 
(Herpestes)^ a small carnivorous mammal, are almost refrac- 
tory. It required not less than 8 mgrms. of cobra poison to 
kill a mongoose. The hedgehog is but little affected by the 
bite of, at all events, the viper. According to Phisalix and 
Bertrand^ forty times the lethal dose for a guinea-pig is 
required. The blood of the hedgehog itself is then poisonous, 
but this toxicity disappears on heating. 

Snakes themselves, whether poisonous or harmless, are almost 
immune, though not absolutely so, as, for example, the ring- 
adder, for which the lethal dose is 0-03 gnn. (Fraser,^ Phisalix 
and Bertrand*). 

Fishes, lizards, and worms are also not completely immune. 

Most snake poisons also produce, like other toxines, severe 
local effects, such as violent inflammation, oedema, haemorrhage, 
and even necroses. 

These local inflammatory effects, however, do not appear to be 

^ Elliot, Sillar, and Carmichael, "Action of the Venom of the Bungarus 
coeruleus," Lancet, 1904, ii., 142. 

2 Eraser and Elliot, Lancet, 1904, 141. 

3 Fraser, "Immunity against Snake Poison," Brit, Med. Joum,, 1895, i., 
1309. 

* Phisalix and Bertrand, "Glandes venimeuses chez les couleuvres," 
8oc Biol, xlvi., 8, 1894 J xlvii., 639, 1896. 
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an integral part of the general action of snake toxine, which 
is quite analogous to what has been observed in the case of 
other toxines. Thus, according to Calmette (1895), the local 
action is greatly weakened by heating the poison to 80° C, 
while the general toxic power is unaffected. Kaufmann^ 
states that chromic acid and permanganate have an exactly 
similar eflFect. 

The local effects also vary very considerably in intensity 
with snake poisons of different origin. They are only pro- 
duced to a slight extent by cobra venom, whereas they are 
very pronounced in the case of crotalus venom. According to 
the conclusions arrived at by Weir Mitchell and Reichert, 
and confirmed by later researches (vide infra), these pyrogenic 
substances must be sharply differentiated from the true neuro- 
toxic principle. But their action is undoubtedly connected with 
that of the second main constituent, the hcemorrhagine {vide 
infra). 

The absorption of the venom is extremely rapid. A rat inocu- 
lated at the tip of the tail cannot be saved after the lapse of a 
minute by amputation (Calmette), and dies five minutes later 
than the animal used in the control experiment. The poisoning 
is also exceedingly rapid in the case of man. 

The bitten limb swells up, and this is followed by contraction 
of the mouth, clenching of the teeth, swooning, and death in the 
deepest coma. 

The mortality fluctuates between 25 and 46 per cent. It largely 
depends upon the amount of poison introduced. If the snake 
has bitten shortly beforehand, or if the clothes have afforded 
some protection, the bite is relatively free from danger; but 
it is extremely dangerous when it is in a spot that contains 
numerous vessels. Injection into the veins is almost invariably 
fatal. 

The general symptoms begin with weakness, vomiting, short- 
ness of breath, and ptosis. There is loss of faradic excitability 
of the muscles, and the immediate cause of death is the stoppage 
of the respiration. Frogs, however, which are able to survive 
the loss of pulmonary respiration for a longer period, live for 
some time (up to thirty hours). 

The action of the salivary poison of the vipers ( Yipera Bedii, 
&c.) is very similar to that of the cobra. A. Mosso^ found that 
the intravenous injection of 0*0077 grm. per kilo, into a dog 

* Kaufmann, " Sur le venin de la vipfere," Soc, Biol,, xlvi., 113, 1894. 
2 A. Moflso, "Die giftige Wirkung des Serum des Mureniden," Arch, f, 
exper. Path., xxv.. Ill, 1888. 
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produced accelerated respiration, followed in a short time (fifteen 
minutes) by paralysis of the respiratory centre. There is dimin- 
ution in the action of the heart, which continues to beat after 
breathing has stopped. By means of artificial respiration life 
can be prolonged for about two hours ; spontaneous breathing 
even begins again ; but eventually it stops once more, and the 
animal dies quietly after slight convulsions. 

According to Phisalix and Bertrand,i, 0-3 mgrm. of thie 
venom of Vipera dspis will kill a guinea-pig, the symptoms 
being hypothermia, dilatation of the blood-vessels, and areas of 
haemorrhage. 

Valentin observed a diminution in the amount of oxygen 
absorbed. 

The heart is not directly afifected. As far back as 1873 it 
was proved by Panceri and Gasco^ that the isolated heart of 
an axolotl continued beating as before in their preparation of 
the venom of iTo/a egiziana. This venom resembles cobra poison 
in its action, but is. weaker. 

According to Elliot,^ cobra venom in very dilute solutions 
(1:10 millions) has a stimulative action upon the isolated heart 
of the frog, while a solution of 1 : 500,000 causes paralysis. In 
the case of mammals the heart is only brought to a standstill 
by very large doses, and the poison acts primarily upon the 
respiratory centre. 

Enhydrina venom does not act upon the isolated heart and 
the smallest vessels, but upon the respiratory centre and the 
peripheral nerves. 

: Rogers* found that the. venom of enhydrina produced para- 
lysis of the respiratory centre and of the motor nerves. It is 
thus analogous to cobra venom. 

The pressure of the blood does not change during artificial 
respiration. Apart from this, the initial increase in the pres- 
sure is, of course, followed by a decrease, as was shown by 
Albertoni.^ Kaufmann,^ too, observed a diminution in the 
case of the venom of Pelias berus, 

* Phisalix and Bertrand, " Toxicity du sang de la vip^re," Comptea 
Rend.t cxvii., 1099, 1893. 

2 Panceri and Gasco, ** Agli effetti del veleno della Naja egiziaiia,^^ Atti 
Acad, Beale Ncfpoli, 1873, 73, quoted by Mosso, loc, cit, 

3 Elliot, " Action of Cobra Poison," Froc, JRoy. Soc,, Ixxiii., 183, 1904. 

. * Rogers, "On the Physiological Action of the Poison of the Hydro- 
phidee,^' Froc, Roy. 8oc,, Ixxii., 305, 1903. 

^ Albertoni, ''Suirazione del veleno della vipera," Lo SperimenUUe, 
1879, quoted by Mosso. 

' Kaufmann, i^oc. ^tW., xlviii., 860, 1896. . 
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Valentin^, found that there was a manifest want of excita- 
bility in the muscles and ; nerves of . a frog after five hours. 
The central nervous, system was deprived of its excitability 
sooner than the sciatic nerve endings. 

Thus, general poisoning by snake toxines is due primarily 
to their action upon the central nervous system, and, above 
all, upon the motor centres of the medulla. . On the other- 
hand, the peripherar nerves are not affected, at all events in 
the case of the frog (Calmette). . In this action the neurotoxic 
component predominates. We shall see presently that this is 
not the case with all snake poisons, and notably crotalus venom, 
in which the chief effects are produced by the component pos- 
sessing haemorrhagic powers. The hsemolytic component in that 
venom need not be taken into account here, and will be dealt 
with separately. 

The fact that neurotoxine is no more active on intercerebral 
injection than when otherwise introduced shows that it is a 
specific poison for the central nervous system, and does not 
combine with cells elsewhere, being monotropic, to use Ehrlich's 
terminology.^ 

Cobra poison which was free from hsemolysine and hsemor- 
rhagine was injected into the cerebellum by Flexner and 
NoGUCHi (loc. cit), and it was found that the lethal dose was 
not less than that required in subcutaneous injection. 

The behaviour of crotalus poison is quite different in this respect, for 
the lethal dose was twenty times less on intercerebral injection. This 
venom contains but little neurotoxine, and, in the main, it enters into 
combination in another way. The great activity of crotalus poison on 
intercerebral injection is, in fact, due solely to its hemorrhagic function, 
and therefore disappears on heating the solution to 75" C, at which tem- 
perature the hsemorrhagine is destroyed. ' An intermediate position is 
occupied by the venoms of the mocassin snake and of the ancistrodon, 
since they contain a large proportion of both components. 

Fresh cobra poison has a very violent action, resembling that 
of abrine, upon the conjunctiva. The. poison can be deprived 
of this property, however, by being heated to 90® C, which does 
not materially affect its toxicity. 

No absorption appears to take place thence, such as has been 
observed in the case of ricine. The same result was obtained by 
Valentin in his experiments with viper venom. 

^Valentin, ''Einige Beobachtungen iiber die Wirkungen des Vipern- 
giftes,'' Z./. 5io^., »iL, 80, 1877. 

^ Ehrlich, ''Ueb. d. Bezieh. von chemischer Konstitation, Verteilg. u. 
pharm. Wirkg.," Featechr,/. Leyden, 1902 (reprint). 
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The differences observed in the action of different snake 
toxines can for the most part be attributed to the variations 
in the proportions of the separate components, sometimes the 
neurotoxine and sometimes the hsemorrhagine predominating. 
Occasionally, too, the hsemolytic principle doubtless has some 
toxigenic effect. 

The venoms of the crotalus, trigonocephalus, and cerastes are 
distinguished from cobra poison by their much greater activity, 
especially as regards the local effects (oedema, necroses, &c.). 

Moreover, while, according to Calmette, cobra poison can be 
entirely deprived of its local irritant action by heat, the toxicity 
of crotalus venom is stated by MTarland ^ to be almost com- 
pletely destroyed by the same treatment. Owing to the terrible 
injuries produced, M*Farland was absolutely unable to produce 
immunity by means of subcutaneous injection, and only suc- 
ceeded in his purpose by the use of intravenous injections. 

As was found by Flexner and Noguchi, the characteristic 
poisonous constituent in the venom of crotalidce is exclusively the 
Ticumorrhagine, while the neurotoxic component, which predo- 
minates in cobra venom, has here only a very slight share in 
the effects. The venoms of the mocassin snake and copper-head 
snake (Ancistrodon) contain both components. 

This explains why the venom of the crotalus and of other 
allied species of snakes (Pseudechis, &c.) produce areas of haemor- 
rhages that are not caused by cobra venom ; this characteristic 
was closely studied by Weir Mitchell and Reichert. The 
poisonous constituent that produces the haemorrhage is destroyed 
at 75° C, while the venom simultaneously loses jxirt of its 
toxicity, so that not less than ten to twenty times the original 
lethal dose is required to cause death ; the symptoms resemble 
those produced by cobra venom, and must therefore be attributed 
to the neurotoxine. 

It would be conceivable that the general toxicity in this case 
might be due to the haemolysine. 

But the haemolysine can be eliminated, as we shall presently 
show, by making it combine with susceptible erythrocytes, 
without destroying the general toxic power. 

Hence, it follows that the poison tiiat causes the haemorrhage 
is not identical with the true haemolysine any more than it is 
with the neurotoxine, but that a third individual poison is 
present, to which Flexker and Noguchi have given the name 
hcemorrhagine, 

^ M'Farland, '* Immunisation of Animals to Rattlesnake Venom," abstr., 
CentroM,/, Bakt., zxix., 496, 1901. 
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This poison is also present in cobra venom though its amount 
is ten times less than in the venom of the mocassin snake and 
one hundred times less than in that of the rattlesnake. 

Owing to the great variation in the proportions of the three 
components, neurotoxine, hsemolysine, and hsemorrhagine, the 
ratio between the lethal dose and the dose of hsemorrhagine, just 
capable of detection, is also very variable. Thus, in the case 
of cobra venom the lethal dose (O'l mgrm.) corresponds to one 
haemorrhagic dose, that of the venom of the mocassin snake 
(0-2 mgrm.) to 20, that of copper-Jiead venom to 60, and that 
of rattlesnake venom (1*0 mgrm.) to 1,000 doses. 

The histological changes produced by haemorrhagine in the 
blood-vessels have been more closely studied by Flexner and 
NoGUCHi. The efifect is not one of diapedesis but of rents in the 
walls of the blood-vessels, in which perforations are then formed. 
Stases occur in the vessels and also giant cells which block the 
small vessels. The red and white blood -corpuscles equally 
escape. 

They attribute this perforation of the walls of the vessels to 
acytolysine having a specific action upon the endothelium of 
the walls. 

On the other hand. Wall (loc. cit.) observed very marked 
differences between the venoms of the colubrine cobra and the 
viperine Baboia Rtisseli, which cannot be accounted for solely by 
the difference in the proportions of the separate components. 

Daboia venom very rapidly produces violent convulsions, in the course 
of which death frequently ensues, and these are followed by paralysis 
which does not, however, as in the case of cobra venom, specially affect 
the breathing apparatus. Nor is the respiration in general acted upon so 
rapidly by daboia venom. It invariably produces mydriasis, but there is 
none of tne salivation that is characteristic of cobra venom. Albuminuria 
is invariably produced by daboia venom, but never by cobra venom. The 
former is a very powerful blood poison. Hence, those infected with the 
venom are still in great danger even after surviving the first stage of 
convulsions and paralysis. Whereas in the case of cobra poisoning the 
question of life or death is decided within a few hours, those bitten by 
the daboia may die as late as the end of the second week. 

In fact, Lamb ^ was able to show that the hsemolysine of the 
daboia possesses an absolutely different amboceptor from that of 
cobra venom {vide infra). 

Toxoids of Snake Toxine. — The existence in snake toxine of 
non-poisonous or only slightly poisonous toxoids with an im- 
munising power has not been definitely determined, but is 
probable. 

1 Quoted by Kyes, BerU klin. Woch.y 1903, No. 43. 
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. Phisalix and Bertrakd^ found that the poisonous serum of 
the common viper or adder lost its toxic, but not its immunising 
power when heated for fifteen minutes at 58" C, and that the 
venom of Vipera aspis behaved in a similar way when heated for 
some minutes at 75* to 90° C. The same investigators found 
that poison weakened by high-tension currents {vide supra) could 
still produce immunity. 

By the aid of more accurate quantitative experiments on the 
lines devised by Ehrlich, Myers * has detected toxoids in cobra 
hsemolysine. 

Flexner and Noguchi {loc, cit.) observed an unmistakable 
formation of toxoids in cobra venom that had been allowed to 
stand for three weeks. The lethal dose rose from 0*1 to 0*4 
mgrm., while there was no appreciable decrease in the dose of 
antitoxine required for neutralisation, four lethal doses being 
used as the standard poison. Hence, protoxoids are formed. 
The same process occurred still more rapidly in an incubating 
oven, the lethal dose increasing tenfold in nineteen days, 
although, in addition to the formation of toxoids, there was 
also a partial decomposition. On the other hand, pepsin and 
papain completely destroyed the poison without any formation 
of toxoids. 

The HffimolyEdne of Snake Poisons. — The analogy between 
snake poisons and vegetable toxines, and in particular the poison 
of eels* blood, also extends to the activity in vitro of their 
hemolytic function. 

Many snake poisons also act hsemolytically in vivo, for it 
was observed long ago by Fontana that the intravenous in- 
jection of vipers' venom into rabbits produced coagulations, 
&c.; while, on the other hand, the blood of animals that have 
died from the poison becomes incoagulable, as was recorded 
by Fayrer and Lauder-Brunton, ^ Albertoni (Ioc. cit), and 
others, and confirmed by Mosso (Ioc, cit,), as regards the venom 
of the viper. 

In the case of the latter there is also a formation of methaemo- 
globin as a secondary product due to the action of an oxydase ; 
this does not occur in the case of cobra hsemolysine (Phisalix *). 

^Phisalix and Bertrand, ''Attenuation du venin de vip^re par la 
chaleur," Chmptes Rend,, cxviii., 288, 1894. 

2 Myers, ** The Interaction of Toxine and Antitoxine, "t/bttm. of Pathol,, 
vi., 415, 1900. 

' Fayi^r and Lauder-Brunton, " On the Nature of the Poison of Naja 
tripudtans, &c.," Proc, Hoy, Soc., xxi., 371, 1873; xxii., 68, 1874. 

* Phisalix, "Action du venin de vip^re," Soc, Biol,, liv., No. 27, 1902. 
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The action of snake venoms upon the blood was subsequently 
more closely studied by Flexner and Noguchi.^ 

For this purpose they used the venoms of Naja tripudianSy 
Crotalus adamanteus (rattlesnake), Ancistrodon piscivorus (mo- 
cassin snake), and Ancistrodon contortrixy all of which only 
showed slight differences. . 

The action of these was tried upon the blood of the dog, 
rabbit, guinearpig, sh6ep, ox, pig, necturus, and frog. The blood- 
corpuscles were washed before the experiment, and then only 
simple agglutination without haemolysis took place. The blood 
of the rabbit was the most susceptible to this influence, and then 
that of the guinea-pig, dog, sheep, pig, and ox. 

The amount of haemolysis to be observed in defibrinated 
blood stood in no constant relationship to the agglutination of 
the washed blood-corpuscles. The separate action of the 
haemolysis and agglutination could be observed at 0' C, since 
the latter was not affected by the temperature. 

Cobra venom was the strongest haemolytic agent, and rattle- 
snake venom the weakest. Dogs' blood was the most susceptible, 
and ox blood the least, leaving out of the question frogs' blood, 
which was almost completely refractory. 

The haemolysines are very resistant to the influence of heat. 
They were not affected at all by temperatures of 70° to 80® C, 
and were only slightly injured even after fifteen minutes at 
100' C. In this respect tiiey resemble the heat-resisting bac- 
terial lysines ; the agglutinines, however, are destroyed in thirty 
minutes at 75° to 80° C. The haemolysine can also withstand a 
temperature of 100° C. for thirty minutes. On the other hand, 
the lysine is destroyed by the same chemical agents as the toxic 
components (Kyes and Sachs, vide infra). 

The haemolytic principle is absolutely distinct from the true 
nerve poison. A solution of the poison that has been freed from 
toxine by treatment with brain substance still retains all its lytic 
properties, and is therefore still poisonous. But if it is iiien 
subjected to further treatment with blood-corpuscles, it is, in the 
case of cobra venom, which contains hardly any haemorrhagine, 
rendered almost completely innocuous. In immunisation, how- 
ever, both antitoxine and antilysine are formed, so that anti- 
snake venom serum also prevents haemolysis. 

Haemolysis occurs only in the presence of fresh serum, and this 
has been shown by Phisalix^ to be also the case with the 

' Flexner and Noguchi, " Snake Venom in Relation to Haemolysis," 
Joum. of Exper, Med,, vi., 277, 1902 (reprint). 
^Phisalix, "Action du venin de vip^re, &c.," 8oc, Bid,, liv., No. 27, 1902. 
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hsemolysine of vipers^ venom. The serum contains a complementy 
and the snake venom a (heat-resisting) amboceptor. Snake 
haemolysine is thus not a simple lysine, like ricine, staphylo- 
toxine, <kc., but a haptine of the second class. 

It contains a series of different amboceptors, which, when 
tested by Ehrlich's method, combine with different blood- 
corpuscles, although the poison is never entirely spent in the 
process. These amboceptors, again, vary in their affinity for 
different normal complements, so that all kinds of combinations 
are produced, some of which are fully active, while others have 
only slight activity, or none at all. 

If the blood be first agglutinated by means of ricine, snake venom has 
still a hsemolytic action upon it, although the colouriess stroma remains 
agglutinated. 

The poison has also the property of preventing the bactericidal function 
of normal sera when added in the proportion of ^ mgrm. to 1 c.c. of the 
serum. Only in the case of necturus serum is this action inconstant, for it 
depends upon a fixation of the complements, which in that serum do not 
invariably enter into combination. 

The study of snake hsemolysine was continued by Flexneb 
and NoGUCHi^ in a later investigation. Fresh snake venom 
itself was found to contain no complement, and thus to cause 
only agglutination and never haemolysis in washed blood- 
corpuscles. 

Yet snake sera themselves may, undoubtedly, sometimes contain comple- 
ments capable of entering into combination. Siwlce venoms contain ambo- 
ceptors of different kinds, with sometimes more afl&nity for the complement 
of their own sera, and sometimes more for that of foreign sera. They are 
related to, but not identical with, the amboceptors of snake sera, the latter 
being inter cUia invariably ** iso-complementophile." 

Thus, while other poisons only produce haemolysis with the 
aid of the serum complements, partial haemolysis is invariably 
caused by cobra venom, even after ever so thorough a washing 
of the blood-corpuscles. This circumstance, coupled with the 
fact that the action of cobra venom is also promoted by serum 
that has been heated, and is thus free from complements, has 
led to the assumption that endo-complements for cobra venom 
are present in the blood-corpuscles themselves. This conclusion 
was also arrived at, about the same time, by Kyes^ and Kybs 

^ Flexner and Noguchi, ** The Constitution of Snake Venom and Snake 
Sera," Univ. of Pennsylv. Med. Bull., 1902, [Nor.] (reprint). 

^Kyes, "Ueb. d. Wirkungsweise des Cobragiftes," Beri. Uin. Woch., 
1902, Nos. 38, 39 (reprint). 
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and Sachs,^ in Erhlich's Institute, and new and extremely 
interesting discoveries were also made with regard to the 
relationship between snake venom and the chemical substances 
in the corpuscles of the blood. In the first place, it was found 
by Kyes that there were two sorts of blood-corpuscles — viz., 
those dissolved by cobra venom (such as, e.g., those of the 
guinea-pig, dog, man, rabbit, and horse), and others that were 
only dissolved with the aid of a complement — e.g., those of the 
ox, sheep, and goat. Kyes next found suitable complements 
for these, and was thus able to confirm Flexner's conclusion 
as to the complex structure of cobra lysine. 

In the case of those that were soluble by themselves, Kyes 
was able to disprove the assumption of a simple lysine of the 
type of ricine by the fact that haemolysis occurred with dilute, 
but not with concentrated, solutions of the poison, which would 
obviously be out of the question in the case of simple poisons. 
Such a decrease in the action of poisons added in excess is only 
explicable on the assumption of a diversion of the complement 
by the excess of amboceptors, as was first demonstrated by Neisser 
and Wechsberg.2 

It was found that the hloodrcorpuscles themselves contained a 
complement^ which could be fixed and diverted by the excess 
of amboceptors. This endo-complement passed into solution on 
treatment of the blood-corpuscles with water, and then the 
originally insoluble blood-corpuscles also became susceptible to 
the action of the cobra poison. 

This endo-complement is destroyed by exposure to a tem- 
perature of 62" C. for thirty minutes. Sometimes, too, it can 
be washed almost completely out of the blood-corpuscles by 
means of physiological salt solution. The discovery of such 
complements in red blood- corpuscles is very interesting, as 
bearing upon the views of the French school that the leuco- 
cytes are invariably the source of the complements. 

Kyes also endeavoured to explain why heated serum is still 
able to bring about the action of the poison, in which case 
there can be no question of complements; even boiling the 
serum for an hour does not injure this power. In his opinion, 
the substa/nce possessing this stimulative potmr is lecithin, which 
also acts as a "complement" for cobra venom when dissolved 
in methyl alcohol. The two enter into so firm a combination 

^ Kyes and Sachs, **Zur Kenntn. d. Cobragift aktivierenden Subst.," 
Berl Hin. WocK, 1903, Nos. 2-4 (reprint). 

2 Neisser and Wechsberff, ** Ueb. d. Wirkungsart baktericider Sera," 
Munch, med. Woch., 1901, No. 18 (reprint). 
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that on the addition of ether practically no lecithin is dissolved. 
This compound has an intense hsemolytic action, even at 0° C. 
The lecithin of the sera is more or less firmly combined with 
albumin, so that it is necessary to heat it for varying periods 
in order to obtain active /ree lecithin. The lecithin, as Kyes 
and Sachs have fully demonstrated, has no connection with the 
true complement of sera, which is destroyed by heat. 

They found, for instance, that the true complement could be 
destroyed by papain and ether ; moreover, active sera containing 
the complement had a restrictive action upon lecithin. But it 
would seem that the so-called endo-complements are nothing more 
than lecithin, whose sensitiveness to heat in the blood-corpuscles 
is a deceptive phenomenon due to its being combined with the 
haemoglobin. Aqueous extracts of the stroma freed from hsemo- 
globin do not show this sensitiveness to heat. 

Owing to their containing lecithin, bile and heated milk, and also the 
similarly constituted eephcUtn^ have this stimulative effect. These sub- 
stances have in themselves only a very slight hsemolytic action. It is 
probable that the fatty acid group in the lecithin is the ultimate active 
haemolytic factor. 

Cholesterin has been found an antidote to this stimulative 
effect of lecithin, and it has also a protective action in normal 
sera, and, as was mentioned above, has an influence upon the 
toxic components of snake venom (Fhisalix). It has a similar 
antihsemolytic effect upon saponine (Ransom ^). 

On the other hand, cholesterin has no action upon the true 
complements of sera that stimulate activity. 

The amboceptors of cobra venom combine with lecithin in 
accordance with quantitative laws. 

The fact mentioned by Flexnjub and Noguchi that all the washed 
blood-corpuscles are not dissolved appears to be due to the removal of 
the lecithin by too liberal washing. 

Kyes 2 even succeeded in isolating these "lecithides" of cobra 
amboceptors. The 1 per cent, solution of cobra venom was 
shaken for two hours with a solution of the purest lecithin in 
chloroform. On now separating the chloroform layer by rapid 
" centrif uging," and treating it with ether, the cobra venom 
lecithide was precipitated, while the excess of lecithin remained 
dissolved in the ether. 

^Ransom, <' Saponin und sein Gegengift," DetUach, med, Woch,, 1901, 
194. 

' Kyes, "Ueber die Isolierung von Schlangengiftlecithiden,*' BerL Uin, 
Woch., 1903, Nos. 42, 43. 
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The haemolytic function of the cobra venom was attached 
quantitatively to this lecithide, whereas the neurotoxic function 
remained absolutely unaffected by the lecithin. The lecithide 
possessed only haemolytic powers, while the neurotoxic function 
was retained eocdusively by the residual poison. 

The lecithide is insoluble in ether and acetone, but dissolves 
in chloroform, alcohol, and toluene, and is readily soluble in 
water. Its properties are thus quite distinct from those of its 
two components. On standing in aqueous solution it becomes 
gradually insoluble without losing its haemolytic power. It does 
not separate out from a hot solution. It does not give the 
biuret reaction. It dissolves all blood-corpuscles equally, and in 
contradistinction to this function of the poison itself, does so 
withcmt a period of incubation. The lecithide is hardly affected 
by a temperature of 100' C. Its action, like that of the fresh 
venom, is prevented by cholesterin. Closely analogous lecithides 
have been obtained from all the other haemolytic snake poisons 
examined, including those of BothropSy Naja haje, Bungarus, 
Trimeresurus, and Crotalus, Thus the same *^lecithinophile^^ 
group is invariably present, even though the amboceptors may 
differ in other respects. 

Leacocidine of Snake Venoms. — Sterile exudations containing 
20 to 25 per cent, of lymphocytes were obtained by the intra- 
pleural injection of the dead cells of B. megatherium (Flexner 
and NoGUCHi). Cobra venom in solutions containing 0*002 per 
cent, acted upon these, the action of the other venoms being 
weaker. The movements of the leucocytes cease first; then 
follows the decomposition of the cells, and, finally, that of the 
lymphocytes. In the case of washed leucocytes little more than 
agglutination occurred. Flexnee and Noguchi concluded from 
their experiments on the modes of combination that the agglutin- 
ines were identical with, but the lysines different from, the 
corresponding agents of the red blood-corpuscles. The leucolysine 
was also of complex structure. 

Summary. — We have thus in snake venoms four distinct active 
principles, the proportions of which show great variations. 

1. Ilamiagglutinvnes. — ^These are destroyed by a 0*2 per cent, 
solution of hydrochloric acid in twenty-four hours, and in a short 
time by heating them to 75' C. 

2. Hcemorrhagine (principally in crotalus venom). — ^This is 
only destroyed after about two days by hydrochloric acid (2 per 
cent.) and pepsin-hydrochloric acid, and can resist the temperature 
of an incubating oven. 

3. HcBmclyHne^ which is very slowly destroyed by hydrochloric 
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acid (up to 3 per cent.), but rapidly destroyed by pepsin-hydro- 
chloric acid. Exposure to an incubating temperature destroys it 
to the extent of about 80 per cent. 

4, NeurotoQcine. — This is fairly resistant to the action of 
hydrochloric acid (up to 3 per cent.) and to pepsin and papain. 
It loses about 90 per cent, of its toxicity by being allowed to 
stand for nineteen days. 

The haemagglutinine and hsemolysine attack the blood-cor- 
puscles exclusively, while the hsemorrhagine attacks the endo- 
thelium of the walls of the vessels, and the neurotoxine the cells 
of the central nervous system. 



IMMUNISATION AGAINST SNAKE TOXINE. 
Snake Antitozine. 

The close relationship between snake toxines and true toxines 
is shown, above all, by their power of producing an antitoxine. 
The first attempts to produce immunity against snake venom 
•were those of Sewall,^ who used crotalus venom in his 
experiments. 

Calmettb succeeded in showing that, even after a single 
injection of half a lethal dose, the serum of the animal treated 
had an unmistakable antitoxic action in vitro. Fbaser,* too, 
was able to produce antitoxine to the venoms of the cobra, 
crotalus, diemenia (South Australia), and sepedon (Africa). He 
obtained preparations capable of resisting as much as fifty times 
the lethal dose. 

Calmette's method is essentially as follows : — About ^\j of the 
lethal dose is first introduced, and this is followed every two or 
three days by very gradually increasing doses (up to -j^ of the 
lethal dose). The same result can be obtained with poisons 
chemically weakened by means of gold chloride or calcium 
chloride (Calmette^). 

After four or five weeks the animals can resist twice the lethal 
dose. They can then be treated every eight or ten days with 
larger doses, until a very high degree of immunity can be pro- 

^ Sewall, '* Exper. on the Preventive Inoculation of Rattlesnake Venom," 
Jmm, ofPhysid.y viii., 203, 1887. 

2 Fraser, "Immunity against Snake Poison," Brit, Med, Jowm,^ i., 1309, 
1895. 

' Calmette, *' Propri^t^s du serum des animaux immunises oontre le 
venin des serpents," Comptea Bend,, cxviii., 120, 1004, 1894. 
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duced. Calmette rendered a rabbit so immune in one year that 
it was able to receive eighty times the lethal dose of cobra venom 
(40 mgrms.) without showing any reaction. The serum of this 
animal was so rich in antitoxine that 5 drops (about 0*25 c.c.) 
neutralised 1 mgrm. of cobra venom. An ass received 0*2 grm. 
of cobra venom in three months, and another 0*16 grm. in two 
months. Half a c.c. of the serum then neutralised 1 mgrm. of 
the venom. 

The injection of 4 c.c. of this serum four hours previously 
afforded protection against twice the lethal dose. According to 
Phisalix and Bertrand,^ however, the antitoxine to viper 
poison is not effective until thirty-six to forty-eight hours after 
its introduction into the body. When an absolutely fatal amount 
of venom is injected, and then, after the lapse of an hour, 4 to 
5 C.C. of this serum, the animal usually survives, but an hour and 
a half is the maximum time if there is to be any reasonable 
certainty of a cure. 

This anti-cobra serum also affords protection against the neuro- 
toxic components of other snake poisons^ and also against scorpion 
venom and eels^ blood, and to some extent against ahrine, but has 
no effect upon ricine or upon diphtheria virus, or tetanus poison. 

The serum has just the same sort of cmtitoxic action as the 
true antitoxines, but, on the other hand, Chatenay (quoted by 
Calmette, loc. cit) observed hyperleucocytosis after the intro- 
duction of the poison into immunised animals, whereas hypo- 
leucocytosis could be observed in the case of the control animals. 

These observations were confirmed by Calmette and Dj^l^abde. They 
found that animal charcoal impregnated with abrine and introduced into 
the peritoneal cavity of immunised animals was absorbed to a large extent 
by the leucocytes, while there was practically no absorption in the case of 
the control animals. Thejr came to the conclusion that the leucocytes 
produced and stored up antitoxine. 

According to Phisalix and Bertrand^ normal antisera are 
produced by the guinea-pig, horse, and hedgehog, as well as by 
the rabbit, but not by the hen. 

Passive immunity soon disappears, but in the case of active 
immunity the higher its degree the longer it persists. Immunity 
can be inherited. 

Each of the three components of the poison (hsemolysine, 
neurotoxine, and haemorrhagine) produces its specific anti-body 

^Phisalix and Bertrand, "Sur la propri^tfi antitoxique du sang des 
animaux vaccina centre le venin de vip&e,'' Oomptee Beiid,, cxviii., 356, 
1804. 

3 Phisalix and Bertrand, 8oc. Biol,, xlviii., 396, 1896. 
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in the immunisation process. Hence the different antisera differ 
very greatly in their action. It was shown by Stephens and 
Myers ^ that there were antisera to hsemolysine, or that the 
ordinary antisera also contained antihsBmolysine ; yet even in 
this case, according to Flexnee and Noguchi, the antisera vary 
in their activity, since the hsemolysines, again, possess ambo- 
ceptors of different kinds, and the antidotes act by means of 
anti-amboceptors. 

The anti-cobra venom contains an antitoxine not only to cobra 
neurotoxine, but also to that of the most widely differing snake 
venoms (M'Faeland^), and also an antitoxine to the hsemolysine, 
but is completely lacking in the anti-body to the hoemorrhagine 
of crotaltts venom ; and since this is the chief active constituent 
in crotalus venom (vide supra), Calmette's "antivenine" is 
powerless against that poison. 

In like manner, anticrotalus serum <iontains chiefly antihsemo- 
lysine and antihsemorrhagine, but not antineurotoxine ; hence, 
it neutralises the hsemolytic but not the neurotoxic function — 
i.e., the general toxicity — of cobra venom. 

Flexneb and Noguchi ^ obtained a serviceable antiserum to 
rattlesnake venom on removing the substances that produced 
the necroses by treating the toxine with dilute hydrochloric acid 
or iodine trichloride. The serum had no action upon the venoms 
of the cobra, daboia, and mocassin snake. 

In the case of those venoms which contain both the main 
poisonous components, such as those of the mocassin and copper- 
head snakes, the antisera naturally contain both specific anti- 
bodies. 

The action of anti-snake-venom serum, according to all that is 
known about it, is apparently quite analogous to that of the 
other antitoxines — i.e., it combines with and neutralises the 
poison without destroying it. A very interesting proof in 
support of this view was furnished by Calmette's experiment 
(1895), of which an outline was given in the General Part. He 
found that on heating a physiologically neutral mixture of 
snake toxine and antitoxine to 68° C. the antitoxine could be 
eliminated, so that the original toxic action again appeared. 
After the heating the mixture behaved exactly like the toxine, 
either if it had contained antiserum or normal serum. In like 

^ Stephens and Myers, Proc. Path. 8oc., Lancet, 1898, i., 644. 

^M*Farland, ''Some Investigations upon Antivenine,*' Journ, Amer. 
Med. Assoc., Dec. 1901 ; abstract in GentralbLf, Bakt,, xzxi., 792. 

3 Flexner and Noguchi, " Upon the Production and Properties of Anti- 
crotalus Serum," J. of Med. Research, xl, 363, 1904. 
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manner, the toxine could be removed from the mixture by 
precipitation with calcium chloride, so that the previously neutral 
serum again had a protective action (1896). These results, which 
aro extremely important from the theoretical point of view, have 
been conditionally confirmed by Martin and Cherry,^ who were 
able, under certain conditions, to effect a separation of the 
poison of Hoplocephalus curtua from the antitoxine by heating 
the mixture to 68"^ C. 

Thus, when the components of the mixture have only been 
allowed to act upon each other for a short time, or when a 
relatively large amount of poison has been used, Calmette's 
statement is correct ; the antitoxine is destroyed and the toxic 
activity restored by heating the mixture. After fifteen minutes, 
however, the combination is so firm that it can no longer be 
broken up. Again, it is impossible to effect a separation by 
filtration through a gelatin filter under pressure, which otherwise 
allows the free toxine but not the antitoxine to pass, since no 
part of the mixture passes through the filter. 

The conclusion that there is a simple combination is in no way 
affected by the fact that, according to Martin, the dose that 
combines with a definite quantity of snake venom in vitro is 
much less than that required for previous immunisation when 
injected mbcutaneoualy. The quantity is considerably greater 
and may even amount to a thousand times as much. On the 
other hand, only about the same quantity is required if intror 
venous injection be used. 

Martin attributed this to a much slower diffusion of the 
antitoxine than of the toxine on subcutaneous introduction, the 
toxine being also very rapidly distributed through the body by 
way of the anastomosing lymph tracts. 

It is also worthy of note that Calmette (1895) found that 
tetanus antitoxine and antiabrine had also a certain action upon 
snake toxine, so that the serum would thus seem to be not 
absolutely specific. On the other hand, the sera of animals that 
had been treated with strychnine, curare, and various bacteria 
proved as absolutely powerless against the venom as normal 
human serum. 

Anti-snake-venom serum only becomes inactive when the 
temperature reaches 68** C. Calcium chloride and gold chloride 
do not affect its protective power. It can also be kept for a 
long period without the addition of phenol. 

* Martin and Cherry, ** The Nature of Antagonism between Toxines and 
Antitoxines," Proc. Roy, Soc., Ixiii.; Martin, "Relation of the Toxine 
and Antitoxine of Snake Venom/' ibid., Ixiv., 88, 1899. 
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Calmettb ^ has devised the following method for the valuation 
of snake serum : — 

The poison is dried and dissolved in distilled water and the 
lethal dose for 1 kilo, of rabbit determined. A rabbit weighing 
2 kilos, is then treated with increasing doses of the seru5a under 
examination and the protective dose against a single lethal dose 
determined. A serum, 1 c.c. of which protects 1 grm. of animal 
against the single lethal dose, is taken as unity. Thus, if 1 c.c. 
of the serum under examination protects 2 kilos, of animal, 
the strength of the serum is two thousand-fold. According to 
Calmette, the minimum strength must be one thousand-fold ; 
sera of, at least, four thousand-fold strength are used in the 
tropics. 

This true antitoxic power of the immune serum has nothing 
to do with the property possessed by tyrosin, cholesterin, &c., 
of rendering the toxine innocuous, for all these substances act 
just as they do in the case of tetanus toxine, only combining 
with the poison in vitro, and never producing immunity, Th^r 
action is thus quite distinct from that of the true antitoocines. 

The question whether or no the serum and bile of venomous 
snakes contain cmtitoxine stands upon a somewhat different 
footing. As was found by Fraser,^ not only is the bile of the 
cobra particularly active, but also that of the rattlesnake, &c., 
possesses incomparably greater powers of destroying the poison 
than the bile of other animals ; and even that of non-venomous 
snakes has a greater protective power than theirs. This pro- 
tective function is also retained by alcoholic precipitates of these 
biles. On the other hand, it must not be lost sight of that, as 
Fraser 3 himself found, the antivenom is not definitely specific, 
but that it also acts upon bacterial toxines. 

At the same time, we frequently find that the bile merely has 
a destructive action upon toxines similar to that of other digestive 
fluids, so that the question whether or no the bile contains a true 
antitoxine has not yet been decided. 

Hence, one is hardly justified in attributing the resistance of 
snakes to this function alone. It is, indeed, more conceivable 
that the natural immunity of these animals is due to a continual 
new formation of large quantities of antitoxine, rather than to a 

^Calmette, "Sur le venin des serpents," Ann, Past., xi., 214, 1897. 

^Fraser, "The Treatment of Snake Poison with Antivenene," Brit, 
Med, Joum., ii., 417, 1895; " Anti venomous Properties of the Bile of 
Serpents," ibid,, ii., 125, 1897. 

^Fraser, "Antitoxic Qualities of the Bile of Serpents," Brit, Med, 
Joum., ii., 595, 1897. 
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fixed power of reacting upon any poison absorbed. But surely 
this condition must depend, in the main, upon an innate want 
of receptors ; for, as we have seen, even the blood of venomous 
snakes is poisonous. 

In the case of the hedgehog, too, which is to some extent 
refractory, the want of susceptibility appears to be principally 
due to its possessing few receptors; after the introduction of 
the venom its blood also is poisorums. The effect of the venom 
upon the hedgehog is similar to that of tetanus toxine upon 
the alligator; for the hedgehog, although but slightly suscep- 
tible, yet produces fairly considerable amounts of antitoxine. 
It thus appears to possess receptors, but these are, for the most 
part, in the organs less vitally important. On the other hand, 
Calmette (1895) found the serum of the pig and mongoose to 
contain extremely little antitoxine, although both animals are 
almost completely immune to snake venom. 

Doubtless this is also the case with snakes themselves. The 
main cause of their insusceptibility may be a congenital want 
of receptors, or to the existing receptors being too far apart; 
but at the same time it is, of course, not improbable that they 
also produce antitoxine and excrete it with the bile. 

Toad Toxine (Phrynolysine). 

Certain toads contain in their skin and blood, in addition to the 
better-known alkaloidal poisons (bufotaline, &c.) an apparently 
true toxine possessing hsemolytic powers. 

Fhisalix and Bertrand^ appear to have been the first to 
discover the existence of a second poison, and its hsemolytic 
action was recorded by Pugliese.^ 

^^ Phrynolysine^^ was then investigated more closely by Pro- 

SCHER.3 

In his experiments Proscher chiefly employed extracts of the 
skin of the fire toad {Bombinator igneus), though the skin of the 
garden toad {Bufo cinereus) was also used. 

Phrynolysine has all the characteristics of toxines, and par- 
ticularly their great sensitiveness to external influences. It is 
non-dialysable. It becomes inactive fairly rapidly. 

It produces hsemolysis equally weU in a neutral or slightly 

^ Phisalix and Bertrand, *<Recherch. s. la toxicity du sang du crapaud 
oommun," Arch, d. Phya., xxv., 617, 1893. 

2 Puglieso, Arch, d. Farm., 1898, quoted by ProBcher {loc. cU.). 

•Proscher, "Zur Kenntnis des Krotengiftes," Hofm, Beitr., i., 676, 
1901. 
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acid solution. Sheep's blood is the most susceptible, and then 
comes the blood of the goat, rabbit, dog, ox, hen, and guinea- 
pig, while that of the pigeon, frog, and toad is hardly affected. 
In the case of sheep's blood, about 0*3 mgrm. is sufficient to 
dissolve a litre completely. 

There is as yet no reason for concluding that phrynolysine has 
a complex structure. 

Normal sera do not contain any anti-body. By immunisation, 
however, it is possible to produce an antilysine, which in a dose 
of 0*025 C.C. affords protection against a dose of the toxine suf- 
ficient to hsemolyse 1 c.c. of a 5 per cent, emulsion of sheep's 
blood. 

Salamander Poison. 

A poisonous substance that formed an antitoxine was dis- 
covered, by Phisalix,^ in the skin of the back of the Japanese 
salamander {Sieboldia maocima). 

The poison is soluble in water and glycerin, and possesses 
little stability. It is completely destroyed by twenty minutes' 
exposure to a temperature of 60* C, and also by alcohol. 

It produces oedema and areas of haemorrhage in the frog, and 
in warm-blooded animals necroses also. Paralysis also occurs, 
and the excitability of the nerves is gradually lost; death results 
from the paralysis of the respiratory system. 

The poison is weakened by being heated to 50" C, but still 
retains its immunising power. Animals thus treated can then 
resist much larger doses, not only of this poison hut also of 
viper venom and eel's-blood poison (Phisalix^), whence we may 
conclude that it has a certain degree of relationship with these 
toxines. 

Spider Venom. 

Poisonous spiders occupy an important position in the popular 
imagination. Very many spiders, and notably the tarantula^ 
have been accused of possessing toxic properties. Little, how- 
ever, was known scientifically about spider poisons until the 
appearance of Robert's ^ comprehensive monograph. 

^ Phisalix, **Act. phys. venin du Salamandre," 8oc* Biol,y xlix., 723, 
1897. 

2 Phisalix, "Propr. immunisantes du venin du Salamandre," Soc. Bid., 
xlix., 823, 1897. 

^ Kobert, Beitr, z. Kenntn, d. Oi/tapinneny Stuttgart, 1901 (gives the 
older literature from the earliest times); id., "Giebt es fur den Menschen 
gefahrliche Spinnen?" Die Med. Woche, 1902, 164. 
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Robert was able to show that there was no specific poison in 
those species of spiders most accused of containing it, and in 
particular the tarantulas. In fact, real poisons were only found 
in two genera — viz., Lathrodectes and Aranea diademata {Epeira 
diadema, the garden spider). 

The Lathrodectes are distributed over the whole globe. The 
most important species are those of Italy {L, tredecimguttatus, 
Malmignatte) and of South Russia (L. erebus, Karakurte), with 
those of New Zealand (L, scelio and Hasseltii, Katipo) and of 
South America (L, mactans). As far back as 1765 Valmont 
DE BoMBARE gave a description of the poisonous properties of 
the malmignatte, and since then they have frequently been 
studied. Experiments on animals have also been made. 

A whole series of reports has been collected by Robert with 
regard to the Kussian spider, and from these it appears that the 
Lathrodectes not only inflicts great injury upon cattle, horses, 
and camels, but even kills men. The effects are very severe: 
violent pains, priapism, sleeplessness, great prostration, cold " 
sweating, fever, and dyspnoea. The general symptoms closely 
resemble those caused by poisoning with bacterial toxines. 
No striking alterations can be observed in the vicinity of 
the bite. Convalescence is very tedious, but fatal cases are 
very rare. 

Robert has made experiments on his own account with 
aqueous extracts of these Crimean karakurtes, some of the 
extracts being prepared from the fresh animals, and others from 
those that had been partially dried. 

These extracts were found to be very poisonous, producing 
exactly the same results as those observed in men bitten by the 
spider. The intravenous injection of a few mgrms. per kilo, of 
organic substance into dogs and cats produced dyspnoea, convul- 
sions, and paralysis of the respiratory system and heart, speedily 
ending in death. Rabbits, rats, and birds were also susceptible 
to the poison, but the hedgehog offered somewhat more resistance. 
Frogs and leeches could also he poisoned. There was practically 
no difference in the action of extracts obtained from the front 
and from the back portion of the spider. New-born spiders 
were more venomous than full-grown ones, and even the eggs 
were poisonous. The poison had an injurious effect upon the 
isolated heart of the frog, even in the proportion of 1 : 100,000. 

Robert also succeeded in producing immunity by cautiously 
inoculating experimental animals, so that karakurte poison 
appears to be a true toxine. Boiling renders the poison com- 
pletely inactive, and alcohol has the same effect. Introduced 
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per 08 the poison has no effect. It has also a hcBmolytic action, 
and promotes coagulation. 

Hence the lathrodectes contains a true toocine which in many 
cases has first an irritant auction wp(yn the heart and central 
nervous system, hut, eventually, invariably causes paralysis, 

Arachnolysine. 

Of the German spiders Chiracanthium nutrix appears to 
contain a poison which has not yet been investigated. 

Robert found, however, in the common garden spider, Aramea 
diademata (Epeira diadems), a toxine completely analogous to 
lathrodectes poison; it, too, was very poisonous, and it was 
possible to produce immunity against it. It was somewhat less 
active, but more stable, than lathrodectes poison. 

The extracts of other German spiders were inert. The poison 
of the garden spider was also found by Robert to possess hsemo- 
lytic powers, which were subsequently more closely investigated 
by Hans Sachs,^ with the aid of Ehrlich's method. 
, Ara^h/nolysine has a very rapid and intense solvent action upon 
the blood-corpuscles, but there is great variation in the resistaiice 
offered by the corpuscles of different species of animals. The 
blood-corpuscles of the rat and of the rabbit are the most sus- 
ceptible, 0*028 mgrm. completely dissolving 0*05 cm. of the 
blood. On the other hand, the blood of the guinea-pig, horse, 
sheep, and ox is absolutely refractory. 

The blood-corpuscles of chickens are quite insusceptible, 
according to Sachs,^ in consequence of a total lack of receptors. 
It is only when these first blood-corpuscles have gradually dis- 
appeared that the lysine has any action, and it is not until after 
two to four weeks that the normal susceptibility of hen's blood 
is attained. 

The toxine is not very sensitive to the action of heat, and can 
resist a temperature of 70° C. for forty minutes. 

Insusceptible blood-corpuscles do not combine with the poison, 
so that the behaviour of this lysine is quite in accord with that 
of other haptines. A further point of agreement is that arachno- 
lysine enters into combination with the stroma of susceptible 
blood-corpuscles. 

Sachs, by immunising guinea-pigs and rabbits, succeeded in 

^ Sachs, "Zur Kenntnis des Kreuzspinnengiftes," Hofm, Beiir,, ii., 125, 
1902. 

2 Sachs, "Ueber Differenzen der Blutbeschaffenheit in verschied. Lebens- 
altern," CenircUhL /*. Bakt., xxxiv., 686, 1903 (reprint). 
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producing a highly active antitoxic serum, which, when mixed 
with the poison, also prevented the haemolysis. Now, inasmuch 
as the blood of the guinea-pig is insusceptible, and therefore 
contains no receptors, the antiarachnolysine must have been 
formed from other receptors. Since, however, it has also an 
antilytic action, it is probable that the same conclusions may be 
drawn as to its constitution as in the case of ricine (q.v.), to 
which it offers many points of resemblance. 

Scorpion Venom. 

Valentin,^ in 1874, investigated the effects of the venom in 
the sting of the tail of a Tunisian scorpion (Androctonus 
ocdtanuSf Claus). 

Small frogs were usually killed by the sting, but not larger 
ones. It caused tetanic convulsions, and also twitchings of the 
fibrillae, while the reflex excitability gradually disappeared from 
behind forwards. 

Very similar results were also observed later by Bert ^ and 
others. 

According to Wilson ^ scorpion venom causes convulsions and 
death from asphyxia in the guinea-pig. 

The poison resembles veratrine in acting directly upon the 
muscles, while the nerves are not affected. Certain animals that 
live in the desert (jerboa, gerbillus) offer great resistance to 
scorpion venom, an immunity probably acquired from frequent 
stings. 

Calmette found (1895) a poison in the tail segment of Scorpio 
afer, and isolated it by extracting the crushed bodies with water 
and drying the extract in a vacuum. 

The poison killed mice in doses of 0*05 grm., and guinea-pigs 
in doses of 0'5 grm., the symptoms closely resembling those 
produced by snake venom. 

It also behaves in every other respect, and especially in its 
relation towards the antitoxine, so exactly like snake toxine, as 
to justify the conclusion that scorpion venom differs no more 
from snake venoms than do these from each other, and also that, 
like them, it contains the neurotoxine of the snakes in admixture 
with small proportions of foreign bodies. This conclusion is also 
supported by the fact that Kyes (loc. cit) was able to isolate 

1 Valentin, "Ueber d. Giftw. d. nordafrik, Scorpiones," Zeit, fur Bici.^ 
xii., 170, 1876. 
» Bert, 8oc, Bid,, xxxvii., 674, 1885. 
' Wilson, "Action of Scorpion Venom," Joum, of Physiol,, 1904, 31. 
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from scorpion venom a lecithide possessing an immediate blood- 
solvent action, and exactly analogous to that obtained from 
cobra venom. The sting of the scorpion is not very dangerous to 
man, but only because the amount of venom injected in a single 
sting is too small. 

Fish Venoms. 

An apparently true toxine waa isolated by Briot^ from the 
poison glands of the Trachinua draco (greater weever), though 
its existence had already been known. He extracted the poison 
glands by means of glycerin containing chloroform, and filtered 
the neutral solution. 

The poison causes convulsions and paralysis in frogs, and death 
results from prostration (Gressin, Bottard). The heart is also 
directly affected (Pohl 2). 

It has a very similar energetic action upon guinea-pigs, especially 
on intraperitoneal injection (and this was also found to be the 
case by Fhisalix with Trachinus vvpera), but has less effect upon 
rabbits. 

A characteristic symptom is the rapid paralysis of the ex- 
tremity where the poison was injected. Death results almost 
instantaneously after intravenous injection; but the animal 
recovers very rapidly from the effects of smaller doses. The 
poison also causes severe local injuries on subcutaneous in- 
jection. 

The toxine is destroyed when heated for thirty minutes at 
100* C, and also by calcium chloride and gold chloride. 

The poison also possesses hsemolytic powers. The normal 
serum of the horse contains an antihsemolysine against trachi- 
nus lysine, just as it does against snake haemolysine. This is 
destroyed at 50° C, but the lysine can resist a temperature of 
100* C. for a short time (twenty minutes). 

Trachinus poison is quite distinct from snake venom, since 
its action is different, and an anti-snake-venom serum has no 
restrictive effect either upon its toxic or its lytic function. 

Rabbits can best be rendered immune by the cautious injec- 

^Briot, "Etudes sur le venin de la vive {TrtichinusdrcLCoyWourn, de 
Phys, et Pathol,^ 1903, 271 (reprint). Briot cites the following works on 
poisonous fish: — Gressin, CorUrih, h Vitvde de VappareU ct venin ehez lea 
poissona du genre vive^ Thesis, Paris, 1884 ; Bottard, Lea poiaaona v&nimeux. 
Thesis, Paris, 1884; Phisalix, Butt, du Muaeum d^Hiatoire Natur,, 1899 ; 
Conti^re, Lea poiaaona v&nimeitx, Thesis, Paris, 1899. See also Kobert, 
loc, cit. 

2 Pohl, Prager Med. Woch., 1893, 31. 
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tion of a mixture of the poison with the serum of an animal 
already immune. 

The serum contains a specific antitoxine, which, however, does 
not invariably afiFord protection against the local effects. 

Certain other fishes also appear to contain poisons of the nature 
of toxines, which have not yet been investigated, such as, e.^., 
the lamprey (Petromyzon), Scorpcena, Pteroisy Serranvs^ Plotostbs, 
Synanceia, &c. (Kobert^). 

Further investigation is required to determine whether the 
poisoning in these cases is due to true toxines. 

In the case of certain other poisonous fish — e.^., the Japanese 
species of Tetrodon (fugu) — poisonous protamines appear to play 
the chief part. It does not come within the scope of this book 
to give further details of fish poisons in general.^ 

The Poison of Eels' Blood (Ichthyotoxine). 

An exceptional position is occupied by the poisonous sub- 
stance which occurs in the serum of the eel and certain allied 
fish {Muroma, Conger). By its occurrence as a normal product 
of animal life it is related, on the one hand, to the snake venoms, 
which are also found in the blood of poisonous snakes ; while, on 
the other hand, in its hsemolytic function it recalls the agglutin- 
ating toxines of the vegetable kingdom ; and yet again shows a 
certain relationship, as regards this property, with the hsBmo- 
lysines of the normal sera of different animals, which, according 
to Ehrlich, are also not simple ** alexines," but receptors of the 
second class provided with amboceptor and complement. 

In what group, therefore, ichthyotoxine should eventually be 
placed cannot be decided off-hand. It is convenient, however, 
for reasons apart from its internal constitution, to describe it 
provisionally after the other zootoxines. 

A similar poison appears to be produced in the poison glands 
of the mursena, but little is known about it.^ 

The toxicity of eels' blood was discovered by A. Mosso,* who 
also studied its toxic effects. He found that the blood of poisoned 
animals lost its power of coagulating, and this was confirmed by 

^ Kobert, "Ueber Giftfischeu. Fischgifte.yortrag i. Rostocker Fischerei- 
verein," Die Med, Woche, 1902. 

^Further details are also given by Vaughan and Novy, loc, eit., 188, 
et8eq. 

^ Anatomical and toxicological data are given by Kobert, loc, cit, 

^ A. Mosso, ''Die giftige Wirkung des Serums der Mureniden," Arch, 
f, Exper, Path,, xxv., Ill, 1889. 
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Delezenne,^ who compared its action with that of propeptones. 
U. Mosso 2 also investigated the properties of this poison. 

Then came the notable work of Kossbl^ and Camus and 
Gley,* who discovered the solvent action of eels' blood poison 
upon the blood, and showed that immunity could be produced 
against it, and that it formed an antitoxine. 

Preparation and Properties of the Poison. — Camus and Gley 
obtained the poisonous serum by taking the blood by means of 
a sterilised pipette from the aorta of the eel, placing it in a 
sterilised vessel, and either allowing the serum to separate spon- 
taneously or with the aid of centrifugal force. They thus 
obtained about 0*6 c.c. from 100 grms. of the fish. 

The serum has a slight green colour, frequently of a yellowish 
shade. It can be kept for a long time unaltered if protected 
from light. 

No attempt has yet been made to prepare the toxic principle 
of the serum in a pure form. 

U. Mosso showed that it possessed exactly the same physical 
and chemical properties as all toxines ; that it was destroyed by 
heat, acids, alkalies, &c.; that it could resist drying in vacuo ; 
and that it was not dialysable. It was insoluble in alcohol of 
aO per cent, strength. 

Action of Eels' Blood. — ^The serum of diflFerent eels frequently 
varies considerably in its toxic effects, the season of the year 
having an influence as well as the origin of the fish, as has also 
been observed in the case of snake venoms (Wehrmann ^). 

The river eel of the Baltic coast contains, according to Spring- 
FBLD,® a very much. weaker toxic serum. 

DiSfiferent animals also vary in their susceptibility when the 
poison is introduced in the same way (intravenously). Dogs 

1 Delezenne, ** Action du s^rum d'anguille sur la Coagul. du Sang," 
Arch, d. Phys., xxix., 646, 1897. 

'. 2 XJ. Mosso, **Recherches sur le nature du venin, qui se trouve dans le 
sang de Tanguille," Arch, Ital, d. Bid,, xii., 229, 1889. 

^iCossel, "Zur Kenntnis der Antitoxinwirkung," Berl, Tdin, Woch,, 
1898, 7. 

^ Camus and Gley, notably ** Recherches sur Taction physiolog. de 
scrum d'anguille,'MrcA. Intimat, de Fharmacodyn,,v,y 247, 1898 (reprint); 
also **De la toxicity du s^rum d'anguille pour des animaux des esp^ces 
differents," Soc, Biol, 1898, 129; "Immunis. contre Paction globulicide, 
&c.," Comptes Rend., cxxvi., 428, 1898; and "Nouvelles recnerches sur 
Fimmunit^ contre le serum d'anguille," Ann, Past., xiii., 779, 1899. 

'Wehrmann, "Sur les propr. toxiques du sang, &c.,"^7Wi. PoLst., xi., 
810, 1897. 

" Springfeld, ** Ueb. d. gift. Wirkung des Blutserums des Flussaals," 
Dissert. Greifswald, 1889. 
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appear to be the most susceptible (lethal dose, according to 
Mosso, 0-02 C.C. per kilo.), while the hedgehog is almost refrac- 
tory. A. Mosso states that it has no action when introduced 
into the stomach, though it is poisonous when injected into the 
small intestine. On the other hand, a serious case of poisoning 
in man after eating eels' blood is reported by Pennavaeia.^ 
Subcutaneous injection produces necroses and abscesses. The 
course of the poisoning takes two distinct forms, according to the 
dose. Rabbits die in convulsions a few minutes after receiving 
0*1 c.c. per kilo, of a very active serum, while sometimes there is 
also a flow of saliva and blood into the urine. Myosis is hardly 
ever absent, and sometimes exophthalmus occurs. 

The effects are attributed by Mosso to paralyses of the vagus, 
preceded by stimulation. 

With small doses or weak poisons, however, conditions of 
paralysis are produced, together with fine tremors, areas of local 
anaesthesia, dyspnoea, flow of saliva, cries, &c., which, after 
a great loss in weight, end in death, though only after some 
hours, or even days (Kossel). 

Similar results have been observed with guinea-pigs. When 
very large doses have been given death occurs so rapidly that 
sometimes even the convulsions fail to appear. 

In the first case, therefore, the bulbar symptoms, especially 
the rapid paralysis of the respiratory centre, predominate; in 
the second case, the spinal symptoms. The peripheral nerves 
of the respiratory centre do not lose their capacity for being 
stimulated. 

In the case of the frog A. Mosso was able to prove that the 
excitability of the nerves and muscles rapidly decreased ; sensa- 
tion, especially in the hind legs, disappeared before the power of 
motion, probably through the destruction of the tracts from the 
spinal cord to the brain. The isolated heart of a frog was not 
affected. 

In warm-blooded animals the pressure of the blood rises im- 
mediately after the injection, and then sinks. The action of the 
heart slackens and becomes irregular, but the heart still con- 
tinues to beat after death (Bardier 2). After very large doses, 
however, it was found by A. Mosso that the animal died very 
rapidly from paralysis of the heart, while breathing still con- 
tinued for a minute. The animals (dogs) also died from parajysis 

^ Pennavaria, FarmacMta ItcUiano, xii., 328, 1888 (quoted by Robert, 
loc, cit.), 

^Bardier, "Action cardiaque du serum d'anguille," Soc. Biol,, 1., 548, 
1898. 
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of the heart when artificial respiration was employed. The 
autopsy showed congestion of the intestinal trac^ lungs, and 
suprarenal bodies ; severe lesions of the kidney, even when death 
was rapid (Pettit ^) ; hyaline degeneration ; and swelling of the 
cells. Blood was present in the urine in the bladder. 

Serious alterations in the nervous system, resembling those 
produced by tetanus, were detected by Wkstphal * by means of 
NissFs me&od. 

Thus we see that the effects produced by the poison are closely 
similar to those caused by ricine^ snake venom, &c. 

Heated serum (58** C.) has still a slight action in very large doses (100 
times the ordinary lethal amount) upon the animals, which lose considerably 
in weight. 

Action upon the Blood. — Eels' blood has an energetic haemo- 
lytic action upon the blood even in the body (Camus and Gley). 
The iris becomes tinged with red; areas of haemorrhage occur 
and exudations of blood into the peritoneum, while erythrocytes 
and haemoglobin are found in the urine. The arterial blood 
contains haemoglobin. As a rule, the resistance of the erythro- 
cytes is so weakened by the addition of jwins ^ Tishrns P*^^ ^^ 
eels' serum, that they give up their haemoglobin even to a 0*7 per 
cent, solution of sodium chloride, whereas the normal corpuscles 
of rabbits' blood do not part with it until the dilution of the 
salt solution reaches 0*48 to 0*5 per cent. The blood-corpuscles 
of the guinea-pig behave in a similar manner, whereas the 
erythrocytes of the hedgehog have been found refractory, as 
is also the case with those of hens, pigeons, tortoises, frogs, 
toads, and bats. It is particularly interesting that, according 
to H. Sachs, new-born rabbits have a relatively high power of 
resistance, and do not acquire suitable receptors until a later 
period {cf, Arachnolysine), The haemolytic function of eels' 
serum is not affected by cautious neutralisation with hydro- 
chloric acid. 

The addition of other sera has also no influence upon it, but 
it is destroyed by heating it to 55° C. The solvent action does 
not take place at 0** C, but is very energetic at 23° C. 

According to Wendelstadt,^ the addition of small quantities 
of glycogen has an influence upon the haemolysis. 

^ Pettit, "Alterations r^nales cons^cutives k I'injection du serum 
d»anguille," Soc. Bid,, l, 320, 1898. 

^ Quoted by Kossel {loc. cit. ). 

8 Wendelstadt, "Einw. v. Glykogen a. hamolyt Vorgange, Central, /. 
BaM,^ xxxiv., 831, 1903, 
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Immnnisation against Eels' Blood. — ^The poison of eels' blood 
also shows itself to be a true toxine by the fact that it is 
possible by means of it to produce immunity in susceptible 
animals. 

According to Kossel, Camus and Gley, and Wehemann and 
TcHiSTOViTCHji rabbits are the best animals to use for the 
purpose. From 0-05 to 1 c.c. is first introduced, either by 
subcutaneous or intravenous injection; the animals usually 
stand this dose well, and can then readily be immunised to a 
higher degree. It is very difficult to immunise guinea-pigs since 
they usually succumb ; dogs bear the treatment well, but yield 
only weak antisera. Goats, on the other hand, appear to be 
suitable animals. Hens and pigeons yield only traces of anti- 
toxine, and that, too, only against the blood-solvent action in 
vitro. Pigeons are very susceptible to the poison, although their 
erythrocytes are hardly attacked at all by eels' serum. The 
formation of antitoxine is very rapid, and even after three or 
four injections a serum is obtained of about -^-^ to -^ the 
neutralising strength — i.e., from 10 to 20 c.c. of serum are 
required to neutralise 1 c.c. of eels' serum. 

TcHiSTOViTCH determined the strength of his serum as follows : 
— Five drops of eels' blood (1 : 10 of a 0-7 per cent, solution of 
sodium chloride) were treated with increasing doses of antitoxine. 
The reagent for testing both the hsemolytic and the toxic action, 
consisted of a few c.c. of rabbits' blood diluted to 20 c.c. 
Parallel tests were made in each case, and some remarkable 
results were obtained. Thus, while the resistance offered by the 
rabbits themselves showed a continual increase, the proportion 
of antitoxine in their serum did not increase in the same manner; 
but, on the contrary, became continually less. 

At the same time, the erythrocytes of these animals also 
showed special characteristics. Kossel and Camus and Gley 
had simultaneously discovered that the erythrocytes of immun- 
ised animals were in themselves (i.e., thoroughly freed from 
serum) under certain conditions refractory to the haemolytic 
action of eels' blood. Tchistovitch now discovered that the 
blood-corpuscles as such dissolved very readily when the pro- 
portion of antitoxine was high ; but that they were more or less 
refractory when the amount of antitoxine in the serum decreased. 

There is here a certain parallelism in the phenomena, which, 
assuming the correctness of the facts, appears to point to a 
disappearance of the receptors for eel toxine, both in the body 

^ Tohistovitch, ** Etudes ^sur rimmunisation oontre le sdrum d'anguille," 
Ann, Past., xiii., 406, 1899. 
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cells and in the erythrocytes. If we assume that the toxic and 
haemolytic principle of eels' serum are identical, we must also 
assume that receptors adapted to it are present in the body cells 
as well as in the erythrocytes ; a cessation of the formation of 
receptors under the influence of the immunisation process would 
then be sufficient to account for both the immunity to the action 
of the poison notwithstanding the diminished production of anti- 
toxine and also the want of susceptibility of the erythrocytes. 

It is, of course, open to question whether both principles are 
really identical. Here we meet with the same difficulty as in 
the case of ricine, in which, too, the action upon the blood can 
be easily prevented without destroying its toxic power; and 
there, also, the protective influence upon the erythrocytes 
affords, under normal conditions, a measure of the antitoxic 
power. And yet, as we have seen above, the question whether 
or no ricine contains two active substances has not yet been 
settled, although there is much to be said in favour of Jacoby's 
view (q.v,) that we may here be dealing with a double-branched 
receptor. 

In the case of eels' blood, however, the conditions are some- 
what different. 

Here the question is whether the blood- solvent function of 
the serum ought not to be separated entirely from the toxic 
function, inasmuch as there may here be haemolytic processes 
exactly analogous to those produced by several other normal 
sera acting upon foreign erythrocytes. As Ehrlich and 
MoRGENEOTH have shown, in numerous researches, the action 
in those cases is to be attributed to series of peculiar haptines 
with different specific amboceptors and complements. 

It has, of course, not yet been proved that there are not also 
here, as Jacoby assumes for ricine, two separate ergophore groups 
on one amboceptor, one of which has a haemolytic and the other 
a toxic action. 

This is also not irreconcilable with the results obtained by 
TcHiSTOViTCH, who found that the haemolytic function was 
destroyed by heating the toxine to 55° C. (which, however, is 
absolutely denied by Camus and Gley), and that the serum 
thus rendered partially inactive produced a/ntitoxine just as 
before. All these facts could be explained just as well by a 
partial formation of toxoid as by assuming the existence of two 
specific haptines with different haptophore groups. 

In any case, a definite conclusion can only be obtained by * 
exact combination experiments, on the lines devised by Ehrlich. 
An attempt must be made to determine whether or no eels' 
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serum still retains its toxic power after removal by means of 
specific combinations of the receptors adapted to the corpuscles 
of the blood. 

Toxine of Fatigue. 

An apparently true toxine has been separated from the muscles 
of over-fatigued mammalia by Weichart,^ who prepared an ex- 
tract from them under the strictest aseptic precautions. In 
small doses the toxine has an immunising effect, but in large 
doses is fatal. It produces a true antitoxine on immunisation. 

^ Weichart, **tJber Ermudungstoxin, I. and IL,y^ Miinoh, med, WocL, 
1904, No. 1, et seq. 
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Deutero-albumose, 171. 

,, toxines, 4i8, 135. 
Diarrhoea, 25, 157, 161, 179. 
Diastase, 10, 21, 110. 
Diemenia antitoxine, 228. 
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Glycogen, Influence of, 242. 
Goats, Susceptibility of, 87, 109, 

140, 192,225, 234,242. 
Gold chloride. Influence of, 213, 231, 

238. 
Gonococcus, 161, 162. 
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199, 200. 
Hay fever antitoxine, 208. 
„ toxine, 207, 208. 

Heart, Action of toxines on the, 25, 
84, 85, 86, 128, 158, 161, 176, 190, 
202, 205, ^17, 218, 235, 238, 241. 
Heat of combination of toxine with 

antitoxine, 60, 61. 
Hedgehog antiserum, 229. 
„ Immunity of, 242. 
„ Susceptibility of, 132, 216, 
233, 241. 
Hemitoxine formation, 47, 48. 
Hen, 229. 
,, Immunity of, 242. 



Hen, Susceptibility of, to toxines, 

18, 19, 22, 109, 110. 116, 118, 132, 

166, 205, 216, 234, 236, 243. 
Hepatitis, 86. 
Hetero-albumose, 212. 
Hog cholera, 182, 183. 

„ ,, • antitoxine, 183. 
Holocephalus poison, 211. 
Hoplocephalus curtus poison, 212, 

215, 231. 
Horse antiserum, 229, 238. 

,, Immunity of, 236. 

, , Susceptibility of, 87, 109, 111, 
125, 138, 225, 235. 
Hydrochloric acid, Influence of, 94, 

124. 
Hydrogen peroxide, Influence of, 14, 

188. 
Hydroxyl (OH-ions), 53. 
HypersBmia, 86, 146, 205. 
Hyperleucocytosis, 229. 
Hypochlorite, Influence of, 83. 
Hypoleucoc3rtosis, 229. 
Hypopyon, 162. 
Hypothermia, 25, 84, 150, 167, 218. 



I 



ICHTHYOTOXINB, 239-244. 

Immunity, 4, 16, 41, 66, 67, 89, 118, 
119, 128, 132, 145, 147, 
148, 159, 160, 161, 163, 
165, 167, 170, 173, 174, 
177, 178, 179, 180, 182, 
183, 186, 193, 194, 197, 
202, 203, 206, 207, 208, 
220, 222, 228-233, 234, 
235, 236, 238, 239, 243, 
244. 
„ units, 36, 37, 38, 42, 43, 

45, 125. 
Incubation period, 23, 110, 111, 115, 

120, 121, 126, 127, 131, 136, 188. 
Induction period. 52. 
Inflammation, 162, 189, 202, 205, 

216. 
Intestines, Action of toxines on the, 

25, 86, 242. 
Invertase, 10, 151. 
Iodine, Influence of, 105, 106, 213. 
,, trichloride. Influence of, 
105. 
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Iodine trichloride, Preservative 
effects of, 77. 



Jatropha curcas, 185. 
Jequirity, 201, 204. 
Jerboa, 237. 



K 

Karakubte, 235. 
Eatipo, 235. 
Keratitis, 1^2. 

Kidneys, Action of the toxines on 
the, 25, 86, 143, 169, 190, 242. 



Lactic acid, 131. 

„ Influence of, 81, 105, 

124. 

Lamprey, 239. 

Lathrodectes, 235. 

Lecithides, 226, 227, 238. 

Lecithin, 25, 128, 225, 236. 

Lecithinophile group, 227. 

Leeches, Susceptibility of, 235. 

Lethal dose, 34, 35, 36, 37, 40, 41, 
42, 45, 83, 84, 109, 111, 126, 130, 
132, 134, 149, 150, 155, 158, 162, 
163, 170, 172, 179, 184, 189, 194, 
198, 201, 205, 207, 210, 215, 216, 
219, 220, 221, 222, 232, 241. 

Leucocidine, 139, 142, 143, 144, 227. 
„ Anti-, 144. 

Leucocytes, 143, 227, 229. 

Leucocytosis, 190. 

Leucolysines, 227. 

Leucoma, 202. 

Light, Influence of, 13, 44, 81, 93, 
105, 127, 132, 150, 167. 

Liver, Action of toxines, &c., on the, 
25, 158, 169, 190. 
„ extract, 214. 

Lizards, Susceptibility of, 216. 

Loss of weight, see Mmaciation, 

Lungs, 175, 242. 

Lymph glands, 28, 190. 

Lymphocytes, 227. 

Lysines, 24, 50, 54, 66, 139, 142, 143. 



M 

Maugkant oedema, 183. 

Malleine, 175, 176. 

Malmignatte, 235. 

Maltase, 10, 151. 

Man, Susceptibility of, 109, 111, 120, 
138, 140, 189, 206, 207, 217, 225, 
235, 238, 241. 

Marasmus, 158. 

Marmots, Susceptibility of, to tox- 
ines, 119. 

Medulla oblongata, 190. 

Mercuric chloride, 213. 

Methsemoglobin, 222. 

Milk, 226, 

,, Antitoxine preparations with, 
97, 124. 

Mocassin snake poison, 219, 221. 

Mongoose, 216, 233. 

Monilia Candida, 11, 151. 

Monkeys, Susceptibility of, 132, 155. 

Mouse, Susceptioility of, to toxines, 
18, 22, 87, 109, 111, 118, 119, 122, 
125, 132, 134, 158, 162, 170, 178, 
194, 201, 202. 

Mucous membrane, 110, 162. 

Mursena, 239. 

Muscles, 245. 

,, Influence of toxines, &c., 
on the, 113, 114,115,190, 
191, 205, 217, 237, 241. 

Myolysis, 85, 241. 



NaXn, 210. 

Naja egiziana venom, 218. 

„ haje poison, 227. 

„ tripudians, 209, 223. 
Necrosis, 155, 158, 189, 190, 202, 

205, 216, 220, 234, 241. 
Necturus serum, 224. 
Nephritis, 207. 
Nerve substance, 214. 
Nervous system. Influence of toxines, 

&c., on the, 113, 114, 115, 116, 

119, 127, 176, 205, 218, 219, 228, 

241, 242. 
Neurine, 3. 

Neurotoxine, 215, 219, 220, 221; 227, 
228, 229, 230, 237. 
,, Anti-, 230. 

Nucleic acid, 171, 174, 188, 195. 
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(Edema, 89, 131, 216, 220, 234. 
Oxen, Immunity of, 236. 
„ SuflceptibiUty of, 132, 138, 
205, 223, 225, 234. 
Oxidising substances. Influence of, 

127. 
Oxydase, Influence of, 110, 222. 
Oxygen, 218. 

„ Influence of, 14, 81, 104, 
105, 206. 



Pancbeatic juice. Action of, on 

toxineSf 21. 
Panophthalmitis, 191, 194, 202. 
Papain, 186, 222, 226. 
Papayotin, 21. 

Paralysis, 89, 126, 146, 160, 156, 156, 
157, 190, 205, 218, 221, 234, 235, 
238, 241. 
Pelias berus, 210. 
Pepsin^ Action of, on toxines, 20, 

110, 203, 222. 
Perch, Susceptibility of, 206. 
Peripheral neuritis, 150. 
Peritonitis, 162. 
Petromyzon, 238. 
Peyer's patches, 190. 
Phenol, 132, 165, 166, 213. 

„ Preservative eflfects of, 77, 
81, 105. 
Phenylhydrazine, 133. 
Phrynolysine, 233, 234. 
Phytotoxines, 10, 185-308. 
Pig, Susceptibility of, 205, 216, 223, 

233. 
Pigeon, Immunity of, 242. 

„ Susceptibility of, 18, 132, 
138, 156, 216, 234, 243. 
Pike, Susceptibility of, 205. 
Plague antitoxine, 159. 
,, lysine, 143. 
„ toxine, 158, 159. 
Plasmines, 67, 170, 173. 
Plotosus, 239. 
Pneumobacillus, 172, 173. 
Pneumococcus, 159, 160, 161. 
„ antitoxine, 160. 

„ lysine, 142. 

„ poison, 67. 



Pneumonia, 175. 
Pneumotoxine, 159-161. 
Poison glands, 210. 
Potassium iodide, 213. 

„ permanganate. Influence 
of, 106, 132, 213, 217. 
Precipitines, 29, 66, 67, 68, 173, 174. 
Priapism, 236. 
Protamines, 239. 
Proteids, 78, 212. 
Proteins, Poisonous non-specific, 3, 

62, 65, 66, 67. 
Proto-albumose, 212. 
Protoplasm, 3, 6. 
Prototoxines, 48, 136. 
Protoxoids, 39, 40, 46, 47, 48, 68, 

198, 204, 222. 
Pseudechis porphyriacus poison, 212. 
Pseudoglobulins, 102, 125. 
Pterois, 239. 
Ptomaines, 1, 2, 78. 
Ptosis, 217. 

Pulse, Acceleration of, 156. 
Purging nut, 186. 
Pus formers, 67, 68, 162. 
Pyocyaneus antitoxine, 32, 63, 129. 
„ poison, 29, 32, 64, 128- 

130. 
Pyocyanolysine, 130, 137, 138. 



Quinine, 



R 



Rabbit antiserum, 229. 

Rabbits, Susceptibility of, 19, 23, 
61, 70, 79, 84, 87, 89, 91, 109, 111, 
113, 116, 119, 120, 132, 134, 137, 
138, 140, 142, 150, 166, 156, 157, 
158, 159, 160, 165, 184, 189, 201, 
205, 207, 210, 216, 216, 222, 223, 
225, 229, 234, 235, 236, 238, 241, 
242 243. 

Rat, Susceptibility of. 111, 168, 206, 
215, 216, 217, 235, 236. 

Rattlesnake, 212. 

Receptors, 17, 18, 60, 66, 68, 87, 112, 
113, 116, 117, 118, 119, 120, 141, 
173, 174, 192, 195, 196, 197, 198, 
200, 233, 236, 239, 242, 243, 244. 
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Rennet, 107. 

Respiration, Action of toxines, &c., 
on the, 85, 179, 205, 217, 218, 234, 
235, 241. 
Retention of urine, 126. 
Ricine, 12, 20, 24, 30, 31, 33, 133, 
185-200, 224, 229. 

„ Anti-, 24, 31, 33, 193, 194, 
195, 197, 198, 200, 201. 

„ anti-body, 192. 
Ricinus africanus, 185. 

,, altissimus, 185. 

„ borboniensis arboreus, 185. 

„ brasiliensis, 185. 

„ communis, 185. 

„ ,, major, 185. 

,, guyanensis nanus, 185. 

„ jamaicensis, 185. 

,, philippinensis, 185. 

,, sanguineus, 185. 

„ spectabilis, 185. 
Ring adder. Susceptibility of, 216. 
Robine, 207. 
Robinia pseudacacia, 207. 



Salamander poison, 234. 
Salicyl aldehyde, 81. 
Salivation, 241. 
Saponine, 226. 
Saturation units, 42, 43. 
Scorpaena, 239. 
Scorpio afer, 237. 
Scorpion, Susceptibility of, 18. 
„ venom, 229, 237-238. 
Sepedon antitoxine, 228. 
Serranus, 239. 
Serum as a vehicle for antitoxines, 
92, 97, 98. 

„ Protective action of, 140. 
„ Standard, 38. 
Sheep, Immunity of, 236. 

„ Susceptibility of, 87, 132, 
138,177,205,223,225,234. 
Sieboldia maxima, 234. 
Skin, Action of toxines on the, 25, 

158. 
Sleeplessness, 235. 
Snake heemolysine, 224. 

„ sera, ^. 

„ toxines, 209-228, 230. 



Snake venom, 23, 24, 29, 32, 33, 60, 
216. 219, 223. 
„ „ antitoxine, 28, 32, 228- 

233. 
Snakes, Susceptibility of, 216, 233. 
Sodium glycocholate. Influence of, 
214. 
,, hydroxide. Influence of, 50, 
61, 52, 53. 
" Spectra" of poisons, 46-48, 56, 136, 

136, 142 
Spider venom, 234-236. 
Spinal cord. Action of toxines. Sec, 

on the, 114, 115, 127, 190. 
Spleen, 190. 

Staphylococcus pyogenes albus, 139. 
„ „ aureus, 139. 

Staphylolysine, 133, 138-140, 141. 

Anti-, 139, 140-141. 
Streptococcus, 164. 
Streptolysine, 142. 
Streptotoxine, 163-166. 
Strychnine, 231. 
Suffocation, 179. 
Suprarenal bodies, 190, 215, 242. 
Sweating, 167, 176, 235. 
Swine-pmgue poison, 183. 
Symptomatic anthrax antitoxine, 
132. 
„ „ toxine, 130- 

133. 
Synanceia, 239. 
Syntoxoids, 39, 45, 47, 48, 198. 



Tarantula, 234, 235. 

Tartaric acid. Influence of, 81, 105. 

Temperature, Influence of, 12, 76, 81, 
83, 93, 94, 105, 113, 124, 
129, 131, 132, 133, 134, 
138, 140, 141, 142, 143, 
144, 149, 150, 155, 159, 
160, 162, 163, 165, 167, 
174, 179, 183, 184, 188, 
200, 204, 205, 212, 214, 
216, 219, 220, 222, 223, 
225, 227, 230, 231, 234, 
236, 238, 242, 244. 
„ of body, 131, 166, 157, 158, 
177, 179, 189, 206. 
18 
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Tetanolysine, 9, 32, 60, 51, 52, 53, 
55, 66, 57, 61, 102, 
133-137, 140, 141. 
„ Anti-, 135. 

Tetanospasmine, 9, 14, 102, 108, 109, 

112, 113, 134, 136. 
Tetanus, 102-126. 

„ antitoxin, 16, 16, 17, 28, 33, 
61,96, 108,109,116,116, 
118, 120, 122, 123-126, 
231. 
„ toxine, 2, 3, 9, 13, 16, 16, 
18, 19, 20, 21, 22, 23, 33, 
61, 102-126, 180, 229. 
Tetrodon, 239. 

Thymus extract. Influence of, 106. 
Tiger snake, 215. 
Toad, 234, 242. 

„ toxine, 233-234. 
Toluene, Preservative efifects of, 77. 
Tortoise, Immunity of, 19, 242. 
Toxalbumins, 1, 12, 78, 79, 154, 187, 

212. 
Toxic unit, 41, 42, 45, 169. 
Toxines, 1, 2, 5, 6-26, 29-62, 188. 
Toxoids, 33, 37, 38, 39, 40, 42, 43, 
44, 67, 82, 88, 106, 108, 116, 132, 
135, 136, 155, 159, 182, 188, 198, 
199, 207, 221, 244. 
Toxones, 38, 39, 40, 41, 42, 43-49, 68, 
59, 89, 90, 91, 108, 132, 136, 199, 
206. 
Toxonoids, 68, 59. 
Toxopeptone, 146. 

Toxophore groups, 6, 23, 30, 31, 37, 
44, 48, 83, 88, 119, 121, 136, 141, 
193, 199. 
Trachinus draco, 238. 
,, viper, 238. 
Tricresol, Preservative efifects of, 77. 
Trigonocephalus, 210. 

,j venum, 220. 

Trimeresurus poison, 227. 
Tritotoxines, 48, 49, 135. 
Tritotoxoids, 58. 
Tropidonotus, 210. 
Trypsin, 186, 187, 188, 200, 203. 
,, Action of, on antitoxines, 

94. 
,, ,, on toxines, 21, 

110. 
Tubercle poison, 166-168. 



Tuberculine, 67, 166, 168-175. 

Tuberculinic acid, 171, 172. 

Tuberculosamine, 171, 174. 

Tuberculosin, 172. 

Tuberculosis, 66. 

,, antitoxine, 170. 

„ poison, 5, 67. 

Tuberculothymic acid, 172. 

Tuberkulol, 170. 

Typhoid antitoxine, 157. 
,, lysine, 142, 
,, virus, 154-157. 

Typhotoxine, 154. 

Typhus, 66, 128. 

,, poison, 6, 26, 65, 67. 

Tyrosin, Influence of, 214. 



Ulcers, 157. 
Uniceptors, 28. 
Urethritis, 162, 163. 



Vibrio, Metschnikofif's, 183, 184. 

„ Naskin's, 23. 
Viper haemolysine, 224. 

„ venom, 210, 211, 212, 214, 216, 
217, 218, 219, 222, 234. 
Vipera aspis poison, 213, 216, 218, 
222. 
„ redii, 217. 
Vomiting, 217. 



W 

Weakness, 217. 

Worms, Susceptibility of, 216. 



Yeast, 161. 



Zootoxines, 209-245. 
Zymase, 161. 
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Fourth Edition, Rtvised, with an Additional Chafer on Foundatum$^ 
Numerous Diagrams^ Examples ^ and Tables. Large %vq. Cloth. l6f. 

THE DESIGN OF STRUCTURES: 

A Ppaetaeal Treatlfle on the Bulldlnflr of Bptd^es, 
Roots, dto. 

By S. ANGLIN, C.E., 

If aster of Sogineexing, Royal University of Ireland, late Whitworth Scholar, &e. 

*' We can unhesitatingly reconunend this work not only to the Student, as the BUY 
Tbxt-Book on the subject, hut also to the professional engineer as an kxcxbdincslt 
▼ALUABLS book of vdtxtDOt.'' —M*cha9UCiU World. 



Third Edition, Thoroughly Retdsed. Royal 2ido. With numeromt 
Illustratious and 13 Lithographic Plates. Handsome Cloth, Price 301. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION: 

Being a Text-Book on the Constrnction of Bridges in 
Iron and Steel 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, M. Inst. CE., 

Pro£ of Engineering, University College, Dundee. 

"The Dew edition of Mr. Fidler's work will again occai)y the same OON- 
BPicnous POSITION among professional text-books and treatises as has been 
accorded to its predecessors. Sound, simple, and pull."— 7%« Engineer. 



In Medium ^vo. Handsome Cloth. Pp. t-xv + 248, with over 
100 Illustrations. Price los. 6d. net. 

CONSTRDCTIONAL STEELWORK: 

Being Notes on the Practical Aspect and the Principles of 

Design, together with an Account of the Present 

Methods and Tools of Manufacture. 

By a. W. FARNSWORTH, 

Associate Member of the Institute of Mechanical Engineers. 

"A worthy volume, which will be found of much assistance. ... A book of 
particii lar value. ' ' — Practical Enr truer. 

" Will be found of value to all Architects and Engineers engaged in steelwork construe* 
tion."-~ Brutding' Hews. 
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BNGINEERINQ AND MECHANICS. 27 

In Large 8vo. Handsome Cloth, Gilt, Uniform with Stability of Ships 

and Steel Ships (p. 38). With 34 Folding Plates and 468 

Illustrations in the Text. 308. net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSON OUNNINGHAM, B.E., AssocM.Inst.C.E., 

Of the Engineers* Department, Mersey Docks and Harbour Board. 

GENERAL CONTENTS. 

Historical and Discursive.— Dock Design.— Constructive Appliances. — 

•MateriiJs, — Dock and Quay Walls. — Entrance Passages and Locks. — 

JTetties, Wharves, and Piers.— Dock Gates and Caissons. — Transit Sheds 

and Warehouses. — Dock Bridges. — Graving and Repairing Docks. — 

Working Equipment of Docks.— Index. 

" We have never seen a more profusely-illustrated treatise. It is a most important 
standard work, and should be in the hands of all dock and harbour engineers."— <Steam«Atjt;. 
"Will be of the greatest service to the expert as a book of reference.**— ^n^/incer. 



Fourth Edition. In Two Parts, Published Separately. 
A TEXT-BOOK OF 

Engineering Drawing and Design. 

YOL. I. — Fraotioal Gbombtby, Plane, and Solid. 48. 6d. 
Vol. II. — Machine and Engine Dbawino and Design. 4b. 6d. 

SIDNEY H. WELLS, Wh.Sc., A.M.I.C.E., A.M.I.Mech.E., 

FrindiMa of the Batteraea Polytechnlo Institate, <bc. 

With many lUustrcUUms, specially prepared for the Worhy and numennu 

BxampUstfor the Use of Students in Ttchnteal Schools and.CoUeges. 

"A OAPIVAL raxT-BOOK, arranged on an ixcBUBm STsnM, ealealatod to give an Intelligent 
fiBsp of the snbiJect, and not the mere facolt/ of mechanioal copTlng. . . . Mr. Wells shows 
loir to make coMPLni wobkiho-drawmob, discnasing folly each step in the design. "—iCtoeCHtfal 



In Large Crown 8vo. Handsome Cloth. With 201 Illustrations. 6s. net. 
AN INTRODUCTION TO 

GIRDERS, AND COLUMNS 
IN MACHINES AND STRUCTURES. 

With Examples in Graphic Statics. 
By WILLIAM H. ATHERTON, M.Sc, M.LMech.E. 

"A very useful source of information. ... A work which we commend very 
'bighly . . . the whole being illustrated by a large collection of very well chosen 



iples. **— Nature, 
"Thece should be a strong demand for this concise treatise."— Pajje'f.Tr^dbZy. 
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Nearly R&iU)Y. In Handsome Cloth. With 240 Illustrations. 

THE THEORY OF THE STEAM TURBINE. 

A Tpeatlae on the Hlstopy, DeveI<H;>inent, and Pplnciples or 
Constpuetlon of the Btoam Tupblno. 

By ALEXANDER JUDE. 

Contents —The Theory of the Steam Turbine.^ Historical Notes on TuAines.— -The 
Velocity of Steam.— Types of Steam Turbines.— Practical Turbines.— The Efficiency of 
Large TaiWnes.— The Trajectoiy of the Steam.— Efficiency of Turbines.— Turbine Vanes. — 
Disc Friction in Ttirbines. — Specific Heat of Superheated Steam. — Governing Steam 
Turbines.— Steam Consumption of Turbines.— The Whirling of Shafts.— Bibliography.— 
Index. 

Works by BRTAN DONKIN« l[.Inst.C.E.t l[.Iii8tl[eelLS^I^ 

Now Ready. Fourth Edition, Revised and Enlarged. ¥^ith 
additional Illustrations. Large 8to, Handsome Cloth. 25s. net 

A treatise: on 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E.. 

Contents. — Part I. — Gas Engines : General Description of Action and Parts. — 
Heat Cycles and Classification of Gas Engines.— History of the Gas Engine. — ^The 
Atkinson, Griffin, and Stockport Engines.— The Otto Gas Engine.— Modem British Gas 
Engines. — Modem ^French Gas Engmes.— German Ga* Engines.— Gas Production for 
Motive Power.— Utilisation of Blast-furnace and Coke-oven Gases for Power.— The Theory 
of the Gas Engine.— Chemical Composition of Gas in an Engine Cylinder.— Utilisation of 
Heat in a Gas Engine.— Explosion and Combustion in a Gas Engine. — Part II. — 
Pttroleiim Engines : The Discovery, Utilisatioii, and Properties of Oil.— Method of 
Treating Oil.— Carburators.— Early Oil Engines.— Practical Application of Gas a^d Oil 
Enfines.— Part HI.— AiP Engrlnes.— Appendichs.— Indbx. i 

*'The best book now published on Gas, Oil, and Air 'Enfrvn^s,."— Engineer. 
■*A thoroughly reliable and exhaustive treatise." — Engineering. ' 



III Qtuuto, Handsome Cloth. With Numerous Plates. 253. 

THE HEAT EFFICIENCY OF 8TEAM BOriERS 

(LAND, MARINB, AND LOCOMOTIVB). 

With many Tests and Experiments on different T7pe8,of 

Boilers, as to the Heating Value of Fuels, &e., with 

Analyses of Gases and Amount of Evaporation* 

and Suggestions for the Testing of Boilen. 

By BRYAN DONKIN, M.Inst.C.E. 

GenbkaI Contents.— OaSsificMion of Different Types of Boi]en.^49'S Experiments on 



English and Foreign Boilers with their Heat Efficiencies shown in Fifty Tables. — Fire 
Grates of Various Types.— Mechanical Stokers.— Combustion of Fuel in Boilers.— T 



Grates of Various Types.— Mechanical Stokers.— Combustion of Fuel in Boilers.— Trans- 
mission of Heat through Boiler Plates, and their Temperature.— Feed Water Heaters, 
Superheaters, Feed Pumps, &c. — Smoke and its Prevention.— Instrnmelits used in Testing 
B<Ml«rs.— Marine and Locomotive Boilers.— Fuel Testing Stations.— Discussion of the Trials 
and Conclusions.— On the Choice of a Boiler, and Testing of Land, Marine, and Lo<;qmotive 
Boilers. — Appendices. — Bibliography.— Index. • "' 

WHik mates iilustratmg Progress made during recent yean^'* 
and the best Modem Practice, 
••Protmbly fhe kost xxBAtrsnvs ttfvmi t&at hM ever bMn edllectitt. , A^jBAonoAfc 
Book by % thoroughly practical man." — Jrvn and Coal Trad/u Reviete. 
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SNQINEERINQ AND ME0HANI08, 29 

FouBTH KDinoxr, RevUed. Podt€t-Siu, Leathtr, lis. M, 

Boilers, Marine and Land: 

THEIR CONSTRUCTION AND STRENGTH. 
A Handbook or Rulbs, FoRMni.iB, Tablbs, &o., belatitb to 

SOABTUNOB, AND PaEaSXTBBS, SatBTT VaLYBB, SPBINOfili , 

Fittings and Mountikos, Aa 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKKES, 

AND STEAM USERS. 

By T. W. TRAILL, M.Iwst.O.K, F.KRN^ 

Late Engineer 8ur▼eyol^in-Ghlef to the Board of Trade. 

*«* To chb Sboonb and Third Editions many Nkw Tablbs iot FfeBasbBB^ 
up to 200 Lbs. per Squabb Inch have been added. 

Thi most yaluablb work on Boilers published in England."— <8%<i>pi»a World, 
Ocmtains an Eho&mous Quastity of Information arrranged in a very oonvenient fora, 
A MOST inawuL tolumb . . . supplying information to be had nowhere else."— 3%e r ' 



Fourth Impression, Large Crown 8vo. With numeroua : / 
Illustrations. 68. 

ENGINE-ROOM PRACTICE 5 

A Handbook for Engineers and Officers in the Royal Hxfj 

and Mercantile Marine, Including tlie Management i 

of the Main and Auxiliary Engines on 

Board Ship. 

By JOHN G. LIVERSIDGE, A.M.I.C.E., 

Commander Engineer, Malta. ., 

Ctmttnis.—GDTi€'r&l neacrSptiaD of MiiriDR MEnjblDery. — Tha ComiilitJTJB of k^fTfce iLud 
jluttfta or Epginflii^rj; gf iba Hoyai Navy. — Entry ^nd GaoditiaDa of Serial c4 uf EBgineerfl oi 
the LF^adLTi^ ti.S. Con]piiDleB,^RB.iE[tD^ H':^tejiin — Dntlen of a Stoainin;^ WflifiCh on Eii£[iiiMi 

iDd Boilore — BbuitiiiK oS Steam,— Bn-rbnur Duties ajid Watches AdjnAttxifidli and 

Bo-ppplrg of Eni^ines. — PraiHerTatiinn and Eep^iriB Qf ^^TiiiDk" Boilers. -^Tlie LEnll &ad Ita 
'mtings. — ClQanlog iLrLd PairtiD^ Mjichinery^'— BecfprocatlDg PampB, Feod Heat^m, and 
Automatia Feed - Water Be^lataT{^, — Eva.pora.tQn. -^ Ktftam Uoata. — ELeutrlt Liifht 
MfrcblnQr?. — H yd rail lie UEK^hiDQry.'Air-^CQixiprBBBiEie: Fumpa.^^HorTi^erfl.tiDR' M&chliieiB. 
— HafhiDflry of D^stroyerB. — 'Vho Manajsrainent of Water Tnbd Boilers.^ Re j^nlEitlouli tiiT 
^ctry of ^HBt^tuLDt Kn^'meere, R, N'.^Quetitinna given, in ExaminEvtiunH for FratUDlJoii of 
j^m^neem, R.N. — ReKulatioiLa ref^pectin^ Pp^rd of I'tade iiHaitiiimtioiibror Enj^ineera, tn. 
■*The contentB can.s(it fkih TO BR Ai'iPHRCiJiTEo."— '/'Afi JSUoftiAhip. 

'*TblB vkkv tr&tfirL BOfui, , , , Iixdbt^atjObts are of g^iat ihpostasck !n a work 
of tlila biad. and ft is satiBfactory to find that smqiJUt XTrv-mwri has buen glffin io iiii» 
' ^$' OazetU. •■ I. , [ 



In Large Crown 8vo, Cloth. Fully Illustrated. 5s. net. 

OIL F U C ILi: 

m SUPPLY, GOMPOSITION, AND APPLICATION. 
By SIDNEY H. NORTH, 

LATE EDITOR OP THE "PETROLEUM REVIEW." ,. ' ' ' 

Contents.— The Sources of Supply.— Economic Aspect of Liquid FueL— Chemical 
Composition of Fuel Oils.— Conditions of Combustion in Oil Fuel Fumaeea— Early 
Methods and Bxperiments.— Modem Bumera and Methods.^Oil Fuel for MsMae Par- 
poses.— For Naral Purposes.— On Locomotives.— For Metallurgical and other PurpOMS. 
— Appendices. 'Iirrax. 

** Everyone interested in this important question will welcome Mr. North's eiecattint 
text-book,"— J^ottire. 

LONDON: CHARLES GRIFFIN t CO., LIMITED, EXtTER STREET, STRAND. 
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Sboohd Bdition, Revised. With nomeroiui Plates reduced from 
Working Drawings and 290 Illiistratioiis in the Text. 218. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING! 

A Pmetieal Text-Book for the Use of Engine Builders, 

Designers and Draughtsmen, Raflway 

Engineers, and Students. 

BY 

WILLIAM FRANK PETTIGREW, M.Inst.O.E. 

With a Section on American and Continental Engines. 

By albert F. RAVENSHEAR, B.Sc, 

Of His Majesty's Patent Office. 

ClMleia«. • Historical Introdnction, 17<^1863.— Modern Loeomotiyes : Simple.— 
Modem LoeomofeiTes: Compound.- Primary Consideration in Looomotiye Design.— 

atinden, Steam Chests, and Staffing Boxes.— Pistons, Piston Bods, Crossheads. and 
de Bars.— Connecting and Coupling Bods.— Wbeeb and Axles, Axle Boxes, Hornbloclu. 
jad Bearing Springs.— Balancing.-ValTe Gear.— Slide VaWefl and Valve Gear Details.— 
rraming. Bogies and Axle Trucks, Badial Axle Boxes.— Boilers.— Smokebox, Blast Pipe. 
FIreboz Fitungs.- Boiler Mountings.— Tenders. -Railway Brakes.— Lubrication.— Con- 
■■asptioa of Fnel. Eyaporation and Engine £ffleiency.— American IjOcomottTe8.^-Con- 
tinental XiOeomotiyes.— Bepairs, Banning, Inspection, and Benewals.— Three Appendioos. 

**XlkalT to remain for many years the Standard Wosk for those wishing to learn 

** A most interesting and yaloable addition to the bibliography of the LocomotiTe."— 
Muttw^ OflckU OatetU. 

** We recommend the book as TBomoroHLT practical in its character, and MxxiTDro a 
nAcs nr AHT ooiXBcnoif of . . . works on LocomotiTe Engineering.**— itoi/tpaif i\r<t0«. 



The work oohtaihs all that can bb learnt from a book upon su<^ a sabject It 

KT,"^RaU»af Magazine. 



wiB at once rank as tbm standard work upon this wportakt subjbct.*' 



InLeurffeBvo. Bandsame Cloth. WUh Plates and lUuatratioM. 16$. 

AT HOME AND ABROAD. 
By WILLIAM HENRY OOLE, M.Inst.O.K, 

Late Deputy-Manager, North- Western Railway, India. 
CMente.— DuKnunon of the Term '*Li^ht Railways."— EnglisTt Railways, 
Ratea, and Farmers.— Light Railwa3rs m Belgium, France, lt%tv, other 
Emopean Gonntries, America and the Colonies, India, Ireland.— HoM Trana- 
nort as an altematiTe.— The Light Railways Act, 1896.— The Question of 
Gauge. — Construction and Working. — Locomotives and RoUing-Stock. — Light 
Railways in England, Scotland, and Wales.— Appendices and Index. 

**Mr. W. H. Cole has brought together ... a larob amoont of yaluabui ntORxa- 
noii . . . hitherto practically inaccessible to the ordinary reader. *—2*<fiie«. 

** Will remain, fur some time yet a Standard Work in everything relating to Light 
SaOwMTB.**— £»0fi«er. 

** The author has extended practical experience that makes the book ladd and nsefi&i. 
It leBXCRBDmoLT well done."— ^n^tneertM^. 

^ The whole snkriect is bxhaustivblt and practicallt considered. The work can be 
•erdlally recommended an inpispbnsablb to those wbose duty it is to beoome aoqnaioled 
whr one of the prime naeeesitiei of the immediate fotora* — AaiJiMy OMeial OoittU. 

"Thrrb coold SB NO SBTTBR BOOK of flrst reference on its sabject All elasses of 
SBtfiaeers wlU weleome iu appeaninoe^"— ^bMUmta. 
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Fourth Edition, Thoroughly Kevised and Greatly Enlarged. 
Wif.h NumerouB IllustrtUionA. Prica 10%, 6d. 

VALVES AND VALVE-GEARING: 

A PRACTICAL TEXT-BOOK FOB THE USE OF 

ENGINEERS, DRAUGHTSMEN, AND STUDENTS. 
Br CHARLES HURST, Practical Draughtsman. 

Part I.— Steam Engine Valves. | Part III.— Air Compressor Valves and 

PART II.>-Gas Engine Valves and Gearing. 

Gears. I Part IV.— Pump Valves. 

**Mb. HiruTS TAiTss and talts^babiko will prove a very valuable aid, and tend to tl&a 
prodnetion of Engines of BOiBHVivio Diaieii and lOOHOMiCALWoaEiiio. . . . Will be largely 
■ooght after by Students and Designers."— ilfariwe Engineer. 

"*' Almost KVBBT TTPX of VALVX and it! gearing is olearly set forth, and illustrated ia 
■noh ft way as to be rbaoilt ukdkbstood and PRAcnoALLY apflzxd by either the Engineer, 
DnMightaman, or Stadent . . . Shonld prove both ussruL and valuablb to all En gj naera 
seeking for rbuablb and clear information on the subject. Its moderate price brings it 
within the reach of 9XC*—lndu*trit$ ana Iron. 



Hints on Steam Engrine Desigrn and Construotion. By Guablks 
Hurst, "Author of Valves and Valve Gearing." Second Edition, 
Bevised. In ^aper Boards, 8vo., Cloth Back. Illustrated. Price 
Is. 6d. net. 

OoKTRNTS.—!. Steam Pipes.— II. Valves.— III. Cylinders.— IV. Air Pumps and Con- 
■densers.— V. Motion Work.— VI. Crank Shafts and Pedestals.— VII. Valve Gear.— VIII. 
Lubrication.— IX. Miscellaneous Details —Index. 

"Ahandy volume which every practical young engineer should possess.'*- 7%< Model 
Engineer. 

Strongly Bound in Super Royal 8vo. Cloth Boards. Ts. 6d. net. 



For Calculating Wages on the Bonus or Premium Systems. 

For Engineering, Technical and Allied Trades, 

By henry a. GOLDING, A.M.I nst.M.E., 

Technical Assistant to Messrs. Bryan Donktn and Clench, Ltd., and Assistant Lecturer 

in Mechanical Engineering at tlie Noithampton Institute, London, E.C. 
"Cannot fail to prove practically serviceable to those for whom they have been 
designed."— iScoe^man. 

Secon d Edition, Cloth, Ss. 6d, Leather, for the Pocket, 8s. 6d. 
OBIFFIN'S ELEOTBIOAL PBICE-BOOK! : For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c., &c. Edited by H. J. Dowsing. 

'* The Electrical Pricb-Book removes all mystery about the cost of Electrica 
Power. By its aid the expense that will be entailed by utilisLog electricity on a large or 
«maU ssale can be discovered.**— ^n-A</r<:/. 



BY WILLIAWI NICHOLSON. 

(See page 76.) 
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Shortly. Sbcond Bditiov. Luge 8yov Handaonwi Cloth. With 
Illustrationi^ Tkblea» &o. 

Lubrication & Lubricante: 

A TREATISE ON THE 
THEORY AND PRACTICE OP LUBRICATION 

AND ON THK 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, F.I.O., F.O.S., 

Chemlit to (h« Midland BftUwaj Oompaay, 
AND 

R. MOUNTFORD DEELEY, MJ.Mech.E., F.G.S., 

Chief Locomotive Superintendent, Midland Bailway Company. 

Contents.— I. Friction of Solids.— II. Liquid Friction or Viscosity, and Flaatle 
Friotion.— in. Superficial Tension.— IV. The Theory of Lubrication.— v. Lubricant!, 
their Souroea, Prsparation, and Properties.— VI. Phyalcal PnMMWtlea and Hetboda of 
Ihramtnatton of Lubricants.— VII. Chemical Fropertiea and Methoda of Xzaminatlon 
af Lubricanta.— VIII. The Systematic Testing of Lubricants by Physical and Chemical 
Methods.— IX. The Mechanical Testing of Lubricants.- X. The Design and Lubrication 
of Bearings.- XI. The Lubrication of Machinery.— Index. 

" Destined to become a classic on the subject."— JtuItiteriM wkd Iron, 
"Contains practically all that is known on the subject. Deaervea theearefal 
attention of all Engineers."— /{atZtray Official Guide. 



Fourth Edition. VeryfuUy Illustrated. Oloih^ 4». 64. 

STEAM - BOIL ERSs 

TSmm DEFECTS, ICAKAaEMENT, Ain> OOmTBTTOTION. 
By R D, MTJNRO, 

Chi^ Engineer of the Scottish Boiler Insurance and Engine Inspection Ccmpanj. 

Gbkbral Contents.— I. Explosions caused (x) by Overheating of * Plates— (a) By 
OefectiTe and Overloaded Safety Valves — (3) By Corrosion, Internal or External— 1(4) By 
Defective Desi^ and Construction (Unsupported Flue Tubes ; Unstrengthened Mannoles ; 
Defective Staying ; Strensth of Rivetted Joints ; Factor of Safety)— II. Construction of 
Vertical Boilers: Shells— Crown Plates and Uptake Tubes— Man-Holes, Mud-Holes, 
and Fire-Holes — Fireboxes — Mountings — Management — Cleaning — Table of Bursdne 
Pressures of Steel Boilers — Table of Kivetted Joints — Specifications and Drawings <x 
Lancashire Boiler for Worldng Pressures (a) 80 lbs. ; (i) 900 lbs. per square inch xespectiTdy. 

** A Taiuabie companion for workmen and engineers engaged aboitt Steam Boiiei»i <iqght 
to be carefully studied, and always at hand."— C<7//. Guardian, 

" The book is vbry useful, especially to steam users, artisans, and young Engineers. " — 
Engineer. 

BV THB SAME AUTffOR. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prcrent their Occurrence. A Practical Hand- 
hook based on Actual Experiment With EHagnun and Coloured Plate* 
Price 3s. 

lONSON: CHARLES GRIFFIN & €0., LIMITED, EXETER STREET. STRAND. 
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In Crown Svo, Cloth, Fully Illustrated, $$, net. 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Praetlee in General Tool GFindinsr, and the 
Design, Construction, and Application of the Machines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 

Introduction. — ^Tool Grinding. — Emery Wheels. — Mounting Emery Wheels. 
r— Emery Rings and Cylinders. — Conditions to Ensure Efficient Working. — 
Leading Types of Machines.— Concave and Convex Grinding.— Cup and 0>ne 
Machines. — Multiple Grinding. — " Guest " Universal and Cutter Grinding 
Machines. —Ward Universal Cutter Grinder. — Press.— Tool Grinding.— Lathe 
Centre Grinder.— Polishing.— Index. 

** Eminently practical . . . cannot fail to attract the notice of the users of this class of 
machinery, and to meet with careful perusal."— CZ/^w. Trade Journal. 



In Three Parts. Crown 8vo, Handsome Cloth. Ver^- Fully Illustrated. 

MOTOR-CAR MECHANISM AND MANAGEMEIfT. 

By W. POYNTER ADAMS, M.Inst.KE. 

Part I.— The Petrol Car. Part II.— The Electrical Car. 
Part III.— The Steam Car. 



TusT Out.] PART I.— THE PETROL CAR. ESs net. 

Contents.— Section I. — The Mechanism of the Petrol Car. — 
The Engine. — The Engine Accessories. — Electrical Ignition and Accessories. 
— Multiple Cylinder Engines. — The Petrol.— The Chassis and Driving Gear. 
— Section II. — The Management of the Petrol Car. — The Engine. — 
The Engine Accessories. — Electrical Ignition. — The Chassis and. .firiving 
Gear. —General Management. — Glossary. —Index. 



Sixth Edition. Folio, strongly half-bound, 21s. 

TRJLVERSX: TJLBI^ES,: 

Computed to Four Places of Decimals for every Minute of Angrte •> 
up to 100 of Distance. 

For the Use of Surveyors and Engineers. 

By RICHARD LLOYD GURDEN, 

Aiitfaorised Surveyor for the Governments of New South Wales ano Victoria. 

\* FnhUshed with the Concurrence of the Surveyors-General for New South 

Wales and Victoria, 

*' Those who haTe experience in exact Sukvby-woek will best know how to appredare 

the enonnotts amoiuit oi[ labour represented by this valuable book. The comimtatioss 

. eaaUe the neer to ascertain the skies and cosines for a distance of twehe aukfe to #thin 



half «a inch, and this by rsfbkbhcb to but Onb Tablb. in place of tiae usual Fifteen 
Bunote Qompotations required. This alone is evidence of the assistance which the Tables 
ensure to every user, and as every Surveyor in active pracdce has Mt the want of such 

tsri^BBCB FBW KNOWING OF THBIR PUBLICATION WILL BBMAIN WTTBOOt TMBM." 

^______ —Bmgitieer . 

lOtaDON: CHARLES GftlFFIN ft CO.. LIMITED, EXETER STREET, mm. 
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WOBKS BY 
i^IDREW JAMIESON, M.INST.C.E, M.I.E.E^ F.R.S.E., 

l En^itueriftgt The 
Technical College. 



^Formerly Professor of EUctrical En^tMeeringt The Glasgow and West of ScotUmd 
"^eckn' ' " 



PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Crewn Svo. Fully Illustrated, 

-STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Students preparing for Competitive 
Examinationa. With over 700 pp., oyer 350 Illustrations, 10 Folding 
Plates, and very numerous Rxamination Papeir. Fourteenth Edition. 
Revised throughout. los. 6d. 

"Fkofessor Janueson fascinates the reader by his clbarnbss or concbption and 
tDiFLiciTY OP BXPRBSSioN. His treatment recalls the lecturing of Faraday.*'— ^/Ammtimm. 
*' The Best Book yet imblished for the use of Students."— i^Mt^vi/^. 

iAPPUED MECHANICS & MECHANICAL ENGINEERING. 

Vol. I. — Comprising Part I., with 568 pages, 300 Illustrations, and 
540 Examination Questions : The Principle of Work and its applica- 
tions; Part II.: Friction; Gearing, &c. Fifth Edition. 8s. od. 
" Fully maintains the reputation of the Author."— /'for/. Engineer, 

Vol. 1 1. —Comprising Parts III. to VI., with 782 pages, 371 Illus- 
trations, and copious Examination Questions : Motion and Enernr; 
Graphic Statics; Strength of Materials; Hydraulics and Hydrauuc 
Machinery. Fourth Edition. 12s. 6d. 

'**W«LL AND LUCIDLY WRiTTBN."— T^A^ Engineer. 

\* Bach o/ihe ahore volumes is complete tn itself ^ and sold separately. 



PROFESSOR JAMIESON'S INTRODUCTORY MANUALS 

Crarwn %vo. With lUustraiians and Examinatum Papers. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students. Tenth Edition, Revised, 3/8. 
" Should be in the hands of bvbry engineering apprentice."— Pmc^a/ iTuv^Mcn 

MAGNETISM AND ELECTRICITY (Elementary Manual 

of). For First -Year Students. Sixth Edition. 3/6. 
** A CAPFTAL TBXT-BOOic . . . The diagrams are an important feature.'''^fAtf0/«iMMll«r. 
•* A THoaouGHLY Tau8TW0«THY Text-book. Pkactical and dear."— iVa/«««. 

APPLIED MECHANICS (Elementary Manual of). 

Specially arranged for First-Year Students. Sixth Edition, 
Revised and Greatly Enlarged. 3/6. 
*' The work has vbry high qualitiks, which may be condensed into the one wnd 
^ LEAR.' ** —Science and A rt, 

% POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Monro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, &. 6d. Seventeenth 
Edition. [See p. ;48. 

IDItDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, ST^iAND. 



BNGINEBRINO AND USCHANIGS. z^^ 



WORKS BY 

W. J. HAGQUORN RANKINE, LL.D., F.R.S., 

Lot* Regius Profeaaor of CMl Engineering in the Unioenity of Qiaagow. 
THOBOXTOHLY BBYISBD BY 

'W. J. MILLAE, C.E., 

Late Secretary to the Institute of Engineers and Shipbuilders in Scoticutd. 



A MANUAL OF APPLIED MECHANICS : 

Oomprising the Principles of Statics and Cinematics, and Theory of 
Stractures, Mechanism, and Machines. With Numerous Diagrams, 
Crown 8yo, cloth. Seventeenth Edition. 12s. 6d. 



A MANUAL OF CIVIL ENGINEERING: 

Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Roads, Railways, Canals, Rivers, Waterworks, 
Harbours, &c. With Numerous Tables and Illustrations. Crown Svo* 
cloth. Twenty-Second Edition. 16s. 



A MANUAL OF MACHINERY AND MILLWORK : 

Oomprising the Geometry, Motions, Work, Strength, Construction, and< 
Objects of Machines, &c. Illustrated with nearly 300 Woodcuts, 
Crown Svo, cloth. Seventh Edition. 12s. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS: 

With a Section on Gas, Oil, and Aib Enoinesj by Bbtan Donkik^. 
M.InstCB. With Folding Plates aad Nomeroos IllustratioBi.' 
Crown Svo, cloth. Sixteenth Edition. 12s. 6d. 

lONDON: CHARLES GRIFFIN A CO., LIHrTED^ EXETER STREET; STRAND, 



|6 . CHARLES GtilFFlN <£> G0.*8 PUBLICATIONS. 

Prov. Rankinb's Works— (C^M^'ifMA^y, 

USEFUL RULES AND TABLES: 

For Arohiteots, Baildera, Engineers, Founders, Mechanics, Shipbuilders^ 
Surveyors, &c. With Appendix for the use of Ei:.BCfFRiaAL ENonnnuk 
By Professor Jamibson, F.R.S.E. Seventh Edition. 10b. 6d. 



A MECHANICAL TEXT-BOOK: 

A Practical and Simple Introduction to the Study of Mechanics. By 
Professor Bankine and E. F. Bambeb, G.E. With Numerous niw- 
trations. Grown 8vo, cloth. Fifth Edition. Ob. 

%* f9« "MsoHAmcAL TsxT-BooK** WM detigned by ProfaMor BAVKon at on Isno- 
•conoa to th4 above Serie* of Manuals, 



MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, 31s. 6d. 

Part I. Papers relating to Temperature, Elasticity^ and Fixpansion of 
Vapoors, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations. Part III. Papers on Wave-Forms, Propulsion of Vessels, &o. 

With Memoir by Professor Tait, M.A. Edited by W. J. Millab, G.B. 
With fine Portrait on Steel, Plates, and Diagrams. 

" No more enduring Memorial of Professor Rankine could be devised than die piibUcfr- 
don of these papers in an accessible form. . . . The Collection is most valuable on 
accoont of the nature of his discoveries, and the beauty and completieiiess of has aoalfHU 
. . . The Volume exceeds in importance any woik ii^ the same department pubUshod 
in our 1amc.**-^ArcksUct. 



SHELTON-BEY (W. Vincent, Foreman to the 

Imperial Ottoman Gun Factories, Constantinople) t' ^ 

THE MECHANIC'S GUIDE : A Haiid-Book for Engineers and 
Artisans. With Copious Tables and Valuable Recipes |6r Pxactkid Ua9bi 
• mnstrated. Sec&md Ediiiam. Crown 8to. Cbth* 7/I 

"'lOHDON i CHARLES GRlfrlN ft CO.. LIMITED. EXETER STREET. STRAHtt, 



ENQINEMRINQ AND MBQHANIG8. 39 



Third Edition, Tlioroughly Revised OMd Enlar^d. With 60 Plata and 
Numerous lliustrations^ Handsome Clolh, ^45, 

HYDRAULIC POWER 



AND 



HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. C.E, F.GS., 

FBLLow or Kxmdm oollbgb, lokdom ; pbof. bmbritus or civil bmginbbring, 
king's collbcb, btc., vtc 

CONTKNTS — Discharge throueh Orifices.— Flow of Water through Pipes.— Accumulators. 
—Presses and Lifts. — Hoists.— Rams. — Hydraulic Engines.— Pumping Engines.— Capstans. 
— Traversers. —Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching, 
Shearing, and Flanging Machines.— Cranes.— Coal Discharging Machines.— Drills and 
Cutters.— Pile Drivers, Excavators, &c.— Hydraulic Machinery applied to Bridges, Dock 
Gates, Wheels and Turbines.— Shields. — Various Systems and Power Installations — 
Meters, &c.— Index. 

**The standard work on the application of water power."— C»f«Vrf Magazine. 



Second Edition^ GfrecUly Enlarged. With Frontispiece, severed 
PkUeB, and aver 250 lauUrcUiona, 2U, neL 

THE FBINCIPLES illD COMSTRUCnOM OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

Wi^ Practical Illnstrations of Engines and Pumps applied to Mining, 

Town Wateb Supply, Dilainage of Lands, &c., aUo Economy 

and Efficiency Trials of Pumping Machinery. 

By henry DAYEY, 

Membtr of the Inatltiitioii of Civil Engineers, Member of the Institatioa of 
Mechanical Engineers, F.O.S., Ac. 

OoMTINTS — Early History of Pamping En^eet— Steam Pmnping Engines— 
Pomps and Pamp Valves — General Principles of Non-Rotative Pmnpiug 
Engines— The Cornish Engine, Simple and Compound — Types of Mining 
Engines — Pit Work — Shaft Sinking — Hydraulic Transmission of Power in 
Mines — Electric Transmission of Power— Vidve Gears of Pumping Engines 
— "Water Prebsure Pumping Engines — Water Works En^es — Pumping 
Engine Economy and Trials of Puxnping Machinery— Centrifugal and other 
I^ow-Iiift Pumps— Hydraulic Bams, Pumping Mains, &c.— Index. 

'^By the 'one English Engineer who probably knowa more about Pumping Machinery 
tban Airr otrkb.* ... A voLtrxB bbcokdiko tHr bksults of long expkiuenck akI) 
wtum.**^The Bnfftueer. 

^ UBdovbCedly tau assr Mn> most raicncAL trsaxisb on Pumping Machinery tsat ba« 
TXT BUN rDBUSHBD.**— Jtfteftii^ Joumml. 

UNDON: CHARLES 6RIFFIM « CO., LIMITED, EXETER STREET. STRAHD 



38 0HARLB8 GRIFFIN Jk 00.*8 PUBL10ATI0N8. 

itotfal Sao, Hamlaome Ctoth. With numerous Illustrations and Tables. 26s. 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P.. 

KNIGHT or THB IMPBRIAL ORDERS OF ST. STANILAUS OP RUSSIA; FRANCIS JOSBPH OF 

AUSTRIA; MXDJIDIB OF TURKXY ; AND RISING SUN OF JAPAN; VICV^ 

ntXSIDBNT OF THX INSTITUTION OF NAVAL ARCBITSCTS. 

" Sir Edward Rsbd's ' Stability of Ships * is invaluablb. The Natal ARCKfTBcr 
will find brought togetner and readv to his hand, a mass of infonnadon which he would other- 
wise have to seek in an ahnost endless variety of publications, and some of which he would 
possibly not be able to obtain at all elsewhere."— i8/«a«tfA<>. 



THE DESIGN AND OONSTBUOTION OF SHIPS. By John 
Harvard Bilrs, M.Inst.N.A., Professor of Naval Architecture in the 
University of Glasgow. [In Preparation. 



Third Edition. Illustrated with Plates, Numerous Diagrams, and 
Figures in the Text. 1 8s. net 

STEEL SHIPS; 

THEIB CONSTBUCTION AND MAINTENANCE. 

A Manual for ShipbuHdera, Ship Superintendents, Students, ' 
and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF "know YOUR OWN SHIP.*' 

CoNTKNTS.— I. Manufacture of Cast Iron, Wrought Iron, and SteeL — Com- 
position of Iron and Steel, (Quality, Strength, Tests, &c. II. Classification of 
Steel Ships. III. Considerations in making choice of Tvpe of Vessel— Framing 
of Ships. lY. Strains experienced by Ships. — Metnods of Computing and 
Comparing Strengths of Ships. Y. Construction of Ships. — Alternative Modes 
of Construction. — Types of Vessels. — Turret, Self Trimming, and Trunk 
Steamers, &c.— Rivets and Eivetting, Workmanship. VI, Pumping Arrange- 
ments. Vn. Maintenance.— Prevention of Deterioration in the Hulls of 
Ships. — Cement, Paint, &c. —Index. 

'' So thoroaKh and weil written is every chapter in the book that it i» difiBcnlt to select 
anv of them as being worthy of exceptional praise. Altogether, the work is excellent, and 
will prove of great value to those for whom It is intended."— TAe Engineer. 



At Press. In Handsome Cloth. Very fully Illustrated. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships' Officers, and Engineers. 

By THOS. WALTON, 
Author of "Know Your Own Ship." 

General Contents.— Classification.— Materials used in Shipbuilding.— 
Alternative Modes of ConBtruction. — Details of Construction. — Framing, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Wat^r 
Ballast Arrangements, Loading and Discharging Gear, &Cf — ^Types of 
Vessels, inclnding Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c.— Indbx. 

lONDON: CHARLES GRIFFIN & CO., LIMITED. EXETER 8TREEL STRAND. 



NAUTICAL W0BK8. 39 

GRIFFIN'S NAUTICAL SERIES. 

Editrd by EDW. BLACKMORE, 

liMter Mariner, Firtt GIms Trinity House Certificate, Aaeoo. Inst. N.A. ; 

Ahd Wbittsh, mainlt, by Sailobs for Sailobs. 



"This adxirabm nRaa.''^Pairpiay. ' A tert vsiful 8ERtBs."'-iir«ettrB. 
"ByaRT SHIP shonld have the wholb Sbbus aa a RinBRBNOB Ubbabt. Hamo- 
SOIOBLT BOUND, OLBABLT PBINTBD and iLLVVOLATEi}.'*— Liverpool Joutn, of Commtrm. 

The British Hereantile Marine: An Hiatoricai Sketch of ita KiM 

and Development. By the Editor, Capt. Blaokxorx. Third Edition, te. 6d. 

" Captain BUckmore'aaPLBNDiD BOOK . . . oontaina paragraphs ou oveiy pmuii 
of Interest to the Merchant Marine. The 243 pages of this book are thb most valo 
ABLB to the sea captain that have ivbr been qoubtukd."— Merchant Service Reviem, 

Elementary Seamanship. By D. Wilbon-Barkbb, Master Marinec, 
F.B.S.B., F.K.G.S. With nrnnerons Plates, two in Colours, and Vroatispleee. 
Fourth BDXnON, Thoroughly Bevised. With additional Illustrations. 64. 
"This ADMlliABUl XANUAL, by Capt. WILSON BARKER, of the * Woroesu»r,' seems 

to US PEBlMTLr DBSIONBD."— iKAmaum. 

Know Your Own Ship : a Simple Explanation of the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By Thos. Walton, Kaval Arehttact. 
With numerous Illustrations and additional Chapters on Buoyancy, Trim, and 
Calculations. Eighth Edition. 7s. 6d. 
"Mr. Walton's book will be found vert useful. "—2'Ae Engineer. 



Naviflration : Theoretical and Practical. By D. Wilson-Barku 

and William Allinohah. Second Edition, Bevised. 8s. 6d. 
"PRBOIBILT the kind of work required for the 14 ew Certificates of compeceney. 
Candidates will find it invaluable."— Dundee AdveHieer, 

Marine Meteorology: For Officers of the Merchant Navy. By 
William Allinoham, First Class Honours, Navigation, Science and Art DepArtmeui. 
With Illustrations, Maps, and Diagrams, and jaceimiU reproduction of log page. 
7s. 6d. 
" Quite the best publication on this subject."— SAtpi^in^ GautU. 

Latitude and Longitude: How to find them. By w. J. Millar, 

C.E. Second Edition, Revise 1. i%. 

** Cannot bat prove an ac(|uisttion to those studying Navtgstton."— If ertne Hngineer. 

Practical Mechanics : Applied to the requirements of the Sailor. 
By Thos. Mackenzie, Master Mariner, F.R. A.S. Second Edition, Bevised. 8s. 6d. 
'* Well WORTH the money . . . exoeedinolt helpful."— dA»i4)inff Worid, 

Trigonometry : For the Youhk Sailor, &c. By Rich. C. Buck, of the 
lliames Nautical Training College, H.M.3. " Worcester." Third Edition, Bevfaad. 
Price 8s. 8d. 
*'This EMINENTLY PRACTICAL and reliable voUime "—Sehoolmtuter, 

Practical Algebra. By Kich. C. Buck. Companion Volume to the 
above, for Sailors and others. Second Edition, Bevised. Price 8s. 0d. 
" It is just the book for the young sailor mindful of progress."— ^auticoZ Meigtuku. 

The Legal Duties of Shipmasters. By Bbxrdict Wh. Ginsbitso, 

M.A., LL.D., of the Inner Temple and Northern Oirouit: Barrlater-at-Law. SlOONB 

Edition, Thoroughly Bevised and Enlarged. Price 4s. 6d. 

" INYALUABLI to masters. . . . W'> can fully recommend it."— Aipptn^ OMsttiu 

A Medical and Surgical Help for Shipmasters. Indnding Fint 

Aid at Sea. Hy Wx. JoHESOV SMITH, jr.B.C.S.. Principal Madloal Oflloer, SMman's 
Hospital, Greenwich. Third Xditioh, Thoroughly Bevised. 6b. 
"BOUVD, JUDICIOUS, BIALLT HXLPrUL."— STAe Lanoet, 

LONDON: CHARLES GRIFFIN i CO., LIMITED, EXETER STREET, STRAND. 
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40 CHASLBS ammHf it CO.'S pcblioations. 

OBrnmv's saitvicai. snuea 

If U ro dm ci&Ty V&lnme. Fries S9. M 

■r :h:23 

British Mercantile Marke. 

Bt EDWARD BLACKMOES. 

■ MASTHk MAMHBKi. itfMCIATB OIT TUX INSTXTtmolf OF RAVilL AftCRSTBCISf . 
KBMBSR or TflK UmiiUIHJ ir OF BNCmBRRS Aim SnFBmCXMBM 

m soavLAatti annoii of cRipmi's "mauticju. suafc" 
Gnwui. C kMMK m.'—gtoioMcaii : From JSaaAf TtnMv to Itt6^ftRj«nM 

""" \r-Xjp to 



- Henry Vm.— To Death of Mury— Dunng Elizabeth's Beigii— tfp 
Aa BtigB of WiUian ni.-Th« 18th and 19lh G««bwiai«-lMliMM» of 
• BiM aai Pnwreia o£ Steam I'Vopidwn •— Be^omMife of 
«iaiaiiei^ n62 to. ims^'' Ijockalar BaXl^ Ctev— 
M^Snvof tep»---^ippiiig'I'«8Ma*M'ii> 1364t» IM— 
flfeatigtica of Shippins; The Pxbsonnel : S hip ofrn eiB ^- Offi cer g — M min e i B — 



D«tMi and Freaent Poiitiia. EDiroAnoir : A SeaiiiA»'« FidiKatJont wh«t it 
flhoHM' be-*Preient Meana of Education— Hints. BtsciPLIEnB asj> Dtrrr— 
FhImbp«— Th* Serio«a DeereMe in the Nuaaber of Britiah Seaman, a Matter 
demandmg the Attention of the Nation. 

'♦laTBBBwnie aad i BBiawmvB . . . amy lie read wmrpBont BadawjinrMBBT/*— 
~ 9 M&rald. 
mair BBAHBB of the Bali|eet Is dealt wlili la » wsy irtdoh. riieirB llMt Iha BOfiter 
'kaewB the ropes* fsmllfattly.**— fisslisMM. 

**^liii- ADimuBU task: . . . nsm with. BseCol intonaellen'^^oal* be itt tbe 
I of every Sailor.**— ire«#«rsi Miming Jfmu. 



Fourth EmTiON, Thoroughly Revised, With Additiemd 
lUtLStrations, Price 68, 



EtiEMENTARY SEAMANSHIP. 

D. WILSOK*BARKSR, Mabtkb Mamnbr ; F.R.S.E., F.R.GwS«,&o., kc. 

TOUlf^Dl BBOVHXB OF THB TRIHITT HOUBB. 

With Frontxapfeee, Ntunerons Platea (Two in CoIooib), amd IQBatratioiia 
in the Text. 

CrBNERAL CoKTKNTS.— The Building of a Ship; Parts of Hull, Maeta, 
t43;— Biopest Knots: S^ismg, &c. — Gear, Lead and Log; A&.-*BiKia9, 
^.aohora— SaKmakmg— The Sails, &c. —Handling of Boat* under Sai} — 
signals sad SignaUing--ltale of the Road— Keepbig and BeUering Watch-— 
i^oi^i|bs.of JQtiquette— Gloosaxy of Sea Terras a^id Phrases— Index« 
«ii^iQie.fohaae BoatBiaB th^incw Bixaa or tbb soadi 
**TI4e ADMiBABLB KAHUAik 'bf OftFt. WiLseii^BABKBB of the * H^tBesstM^* ■eeaw to us 
I ■jaiBSiui 'wmmm». bbA aoMB'iiBplBaB'eioellenti; in ' QBmm/u liABniiBL.aBBiBa^ . . . 
A.ltb0Mli intended for those who aie to become CMBcers of the Merchant Navy, it will be 
ffn BSillscmfciyAan irACflmamf%HlfN»«BM;; 

n» FbrwMupllOi Mrtef QBiwa^s JfAtrwg^ Sbsbm^ esep>v3». 

lieilWNf : etWfilES eMFFIII ft CO., LIMITED, EXETER STREET, 8TMm 
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Seoond Edition, Heuised aud ElvsPratecU Price S$^ 6d. 
Bt DAVID WILSON-BARKER, RN.R. F.R.S.E., &o., Ac.^ 

AHD. 

WILLIAM AUalNOHAM^ 

mfl!MldE»BMMMy VAYfAMdON, flCniMM AND AftV DIMMKlim^ 

VUtb 1lti««soi» 3llttdtMtlatt»^ and Btamlttntf on Cbteatiem* 

Genkbal C6NirBi!m.—Defliiitioxi8— Latitude and Longitode— Busfanunents . 
of Navigatioa— Correction of CouneB— -Plane Sailing' — Traverse SaiIing^I)ay*B 
Woric — ?teallel Sailing — Middle Latitude Sailing — Mercatort Chart— 
Mercator Sailing— Current Sailing— Position by Bearings— Great Circle SailSQg 
—The Tides— QuestionB—Appenmz : Compass Error— xYmnerous ITsefttl Hltits. 
ftc.— Index. 

** FiUBGiwur the Und of work required for the New CertiScales of oompeteneKinfradM 
from Seeond Ifltte to extra Master. . . . Candidates win flCul it vxrMiss^itM^'^mmdtt 



**A OAPiTAL UTTLB BOOK . . . speolany ads^tad to. the N«ir L_ „ „_ 

▲iMhSHMUBtt-gAPT. Wiuoir-BAxxHSi (G«vtain>8iiiMrintflodeat of tbe Nantioal OoUeMW &lLa 
* woroester/ who has had great experience in the highest problexna of NayigiSum), and,. 
Mb. AiiaoiiAica well-known writer on the Solenee of NaTigituon and Navtioal A ati -on uui y.** 



Handsome Ohth. FuUy JSiueirtUed. Pfvm Tau €d. 

MARINE METEOROLOGY,, 

FOR OPFICSB& OF THE M£BCHAKT NAVT; 
By WILLIAM ALLINGHAM, 

Joint Author of "Jfavigation, Theoretical and Practical." 

With numerous Places, Maps, Diagrams, and Illustratioiui, and astenmSia 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUVMARY OS" COKTSKOB. 

iHTBODVOVORT.— Instroments tJted st Sea for Meteorological Pnrpesee. lieteoro' 
logical Loff-Books.— Atmospheric Preasuie.— Air Temperatures.— Sea Temperatures.— 
Winds.— Wind Force Scales.— History of the Law of Storms.— Hurricanes, Seasons^aod 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.- Icc/bem.— s^- 
chronous Charts.— Dew, Mists, Fogs, and Haze.— Clouds.- Kain, Snow, ana Half.— 
MCm^, Eai&bows, Coronas, Haloa^ and Meteors.- Lightning, Corposants, and AUkqesk— 
<)iia8aoii0.— ArPBNDix.— iNDsac 

"Qftit* the snv puMlcatioB. axd ceirtaliily the aoe* imBaaaruw, oa tUa mlimt ercr 
urasrolid to Kaatkal wumrsh^^i^a Qumtu. 

*»* IV>r CttB^kito lAMkM Grifkin's Nasviqal Sbbisb» Mo.p» 3ik. 
tONMit: CHAItUS GfttFFtlt ft CO.. LIMtfED. EXET€R 8TREEL 8T1MW. 



«• (mAMLMH 9MlWn« * 00.'M PUBUCATIOMB. 

GBIFFIirS NAUTICAL SEMES. 

Sboond Edition, Rbtised. With Nameroiu lUoBtratioDs. Price Sa. 6d. 

Practical Mechanics: 

Applied to the Bequireznents of the Sailor. 
By THOS. MACKENZIE, 

Geniiul Contents.— Resolution and Composition of Forces— Work dons 
by Machines and living Agents— The Mechanical Powers: The Lever; 
Derrioks as Bent Levers— The Wheel and Axle : Windlass ; Ship's Capstan; 
Crab Winch— Tackles : the **01d Man''— The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strenffth of Rope : 
Steel Wire, Maidllaj Hemp, Coir— Derricks and Shears— CalooJation of the 
Cross-breaking Stram of Fir Spar— Centre of Effort of Sails— Hydrostatics : 
the Diving-bell ; Stability of Floating Bodies ; the Ship's Pump. && 

" This excellent book . . . contains a laboe amount of information.'' 
— JTdrfurf. 

" Well worth the money . • • will be found exceedinglt HELPruu"— 
SMppmff World, 

*^Ko Ships' Offioebs' bookcase will henceforth be complete without 
Captain Mackenzie's ' Practical Mechanics.' Notwithstanding my manj 
▼ears' experience at sea, it has told me How much more there if to ocgiMrc"— 
(Letter to the Publishers from a Master Mariner). 

" I must express my thanks to you for the labour and care you have takep 
in 'Practical Mechanics.' . . . It is a life's experience. . . 
What an amount we frequently see wasted by rigging purchases without reason 
and accidents to spars, &c., &c ! 'Practical Mechanics ' would save all 
THIS. "^Letter to the Author from ano^er Master Mariner). 



WORKS BY RICHARD C. BUCK, 

Of itie Thunes Nantioal Traiiilng OoUege, H. M.S. ' Worceater.* 

A Manual of Trigonometry: 

with Diagrams, Examples, and Exercises. Price 8s. 6d. 

Third Edition, Revised and Corrected. 
*«* Mr. Buck's Text-Book has been specially prepared vdth a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

''This XMOrBHTLT PBACnCAL &nd KBUABLB VOLUMS."— ScAoo/mMtfr. 

A Manual of Algebra. 

Deaigned *o meet the Requirements of Sailors and others* 
Second Edition, Revised. Price 3s. 6d. 

%* These elementary works on Aixissiu and tbiookoxbtxt are written Bpedally for 
those who will have little opportunity of consalting a Teacher. They are hooks for ^*bbli«- 
HSLP." All bat the simplest explanations have, therefore, been avoided, and answsbs te 
the Sxeretses are given. Any pet -on may readily, by carefnl study, become master of their 
contents, and thas lay the foandauon for a farther mathematical coarse. If desired. It is 
hoped that to the younger Officers of our Mercantile Marine they will be foand decidedly 
■ervloeable. The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the "Worcester.** 

"Olearly arranged, and well got up. . . A flrst-rate Elementary Algebra. -« 
Mmuticai Uagasine. 
%*For complete Ust of Qbiwdi's Nautical Saans. see p. 89. 

LONDON: CHARLES QRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GBIFFIK'S NAUTICAL SERIE8. 

Sbcokd Edition, Thoroughly Revised ana Extended. In Crown 8vo. 
Handsome Cloth, l^rice 48. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BY 

BENEDICT WM. GINSBURG, M.A., LL.D. (Cantab.), 

Of the Inner Temple and Northern Circuit; BarriBter-at-Law. 

Genepal Contents.— The Qualification for the Position of Shipmaster— The Con- 
tract with the Shipowner— The Master's Duty in respect of the Crew : Engagement ; 
Apprentices; Discipline; Provisions, Accommodation, and Medical Comforts ; Payment 
of wages and Discharge— The Master's Duty in respect of the Passengers— The Master's 
Financial Besponsibillties— The Master's Duty in respect of the Cargo— The Master's 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Master's Duty in relation to Pilots, Signals, Flags, and Ll^ Dues— The Master's Duty 
upon Arrival at the Port of Discharge— Appendices relative to certain Lesal Matters : 
Board of Trade Certificates, Dietarv Scales, Stowage of Grain Cargoes, Load Line Begnla- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, Ac, &c.— Copious Index. 

'* No intelligent Master should fkU to add this to his list of necessary books. A few lines 
of it may savb a lawtbb's fbb, Basmag bndlbss wobbt."— Z^Mrpoof Journal of Oommerct. 

^* Sbhsxblb, plainly written, in clbab and nos-tbchvigal labguaqb, and will be fitmnd of 
KUOH 8BBVICB by the ShipmsMer.'*— British Trade Review. 



Sjscond Edition, Revised. With Diagrams. Price 2s. 

Latitude and Longitude: 

SLovr to Find tli.4 



By W. J. MILLAR, C.E., 

Late Seeretarf to the Imt. of Engineers and Shipbuilders in Scotland, 
** GoKOisiLY and clbablt wsitten . . . cannot but prove an aoqnlsition 
to those studying Navigation."— Jfarinc Engineer, 
** Toting Seamen will find it handt and useful, simple and olear."- TAe 



FIRST AID AT SEA. 

Thibd Edition, Revised. With Coloured Plates and Numerous Illiistra- 

tions, and comprising the latest Regulations Respecting the Carriage 

of Medical Stores on Board Ship. Price 6b. 

A MEDICAL AND SDRGIGAL ELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, P.R.O.S., 

Principal Medical Ofllcer, Seamen's Hospital, Greenwich. 

*,* The attention of all interested in our Merchant Navy is requested to this ezoeediogly 
-aseftil and valuable work. It is needless to say that it is the outcome of many years 
pmAcnoAL xxPBHmca amongst Seamen. 

'*8ouin>« jupioions, asALLT HBLpruL.'*— TAe Zaaeet. 

*«* For Complete List of Qbiftin's Nautical Series, tee p. 39 
iONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANb. 



44 OHARLES QRIFFIN df GO.'S PUBLICATIONS. 

flRITJIN^JS; KAPTICAL SEBIES. 

Eighth Itoxbv. iJBi^ff%9^^9Kfkh €fhtif$un om TVivt, MtSfimiy, and Calcukt^ 
thna. Jfum€rou» lUustreUions, j?(tfi3909iM CEd^A, CfSBwn 8vo. Price 7«« 6d, 

KNOW YOUR OWN SHIP. 

Superintendents, Draughtsmen, Engineers, and Others, 

Th|8 week explains, in a simple manner, sueh miportanttaiibjecte 9^ ;^Biwri«r«f»eDt> 
— iBemhiHBlpit.-- Tonnage.— Freeboard.— Moments.— Bu)oyancy.---»train.— fltrtfictiire. — 
Stability.^Soiliog.— Batlasthig.— LoaiHng.— bhtfttng Gwg;oe8.~^4lmis8ion of Water.— 
Sail Area.— Ac. 

*' Tiie ltU}e4MN)k wiHI be f<w|kd SK^maviiwiT hmtbI by mryat KittasRi 'Mi -vSdids comected 
with iflihwi«g. . . • 'Mr. W^^ton's iMk wttl^fatajw J.Mn»N6 sr^enii, beuaune'Of Itvtnuque- 
!itnc«8 for those for wboiu it has been vntten.''-->£l/wi»j9ini7 World. 

9W -TOW -1BAMW AagyHWR* 

SiBil 1^^: 1%6[r '^MsHin M laiinBice. 

fSeo pi^e 38.) 

FiFTSENTH 'BumON, Thx>rtmg^ Reviu&l, GteaUy JbJuUxvffed, and Reset 
Thrmifjliout, Large 8w, Cloth, pp, i-xxiv + 708. With 280 Ittustrck- 
tioTis, redticed Jrom Working Drawings, and 8 Plates, 21«. net. 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DSSIONING, CONSTRUCTION, AND 
WOKKING OF MARINE MACHINERY. 

9y A.E. SEATOH, M.LC.E., ILLVedluE^ 1LLM.A. 

GEsnssAL Contents. — Pabt I.-^PnBeiple8 of Manae ^J^opulaion. 
f*AUT II. — Principles of Steam EnsineerlDg. Part III. — ^i^ls of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves» 
J-:.>cpansion Valves, &i. Pabt IV.— I¥op«Utni. Part V. — Boilers. 
Part VI. — Miscellaneons. 

"i be Htudmu praugbtspiai^ and Eitfineer viU f^ tbis work ^MIWT taluablb 
Handbook of Msrenoe oor tbeiftarinelSnfrinti now in vslMttiM.*'— JfarfiM £tt^fM0r» 



Eighth Edvi^n, Xlior»«j|fbly RevUed. PockeVSise, Lt4(ber. 8s. 6d» 
A l?OCKS9!F-BO0E OT 

umL mmmm mm m^ mm, 

*MR «8B traS OF 

Marine lofineifrs. Na/val ABehlteets, Dei^nen, Utanshtsmeiw 
SuperiiiMiidlMits and dtlwns. 

By A. fi. SfiATON, M.I.O.E., M.LMecfa.E., M.I.N.A.. 

AND 

H, M. ROTJNTHWAITE, M.nB[ech.E., MXN.A. 

'^ApMiKABLY FULVtLS its puxpoce.'^— JtfarM# A(f«M»r. 

CMWM: emm:E8 GftlFFtN » CO., ttMITED. ^ETER STffEET. STRANO. 



MMUMMnUWV JMB inOMJmMOS. 



Il7 



WOBKB BT 9Wnf. TOBBBT H. SnTH, iaBW.«.LCLB.» 



TKE CALCULUS FOR ENOm^RS 
AMD PHY^CISIB, 

CLA88IFIBD BBPSBXIIGX T33n OW lB'VWti^^1kltHm 
Bj PROF. BOBEBT EL 8MIT&. 

B. F. MUIBHEAD, ILA., BSa, 

In Vrown 8vo, ea:tra, wifA DiagnMims tmd IMdimg-FUOe. 8i. HK. 

** Pbof. B. H.«HRirg fc— k^riU hu w u n iimUa M —laMif H—i wi ab bast as nAcne^ 
ABU for the oon-nuittMnilnl §lnAiBi.aBd IhijIiimh ."—t^tOmmmL 

** Inteiwtingdiacniiii, with piaetkal iUiufenlloM«r adaal owarroMc^ aratobefonnd b«» 
la abandanoo. Thb t»et ooMmn ckamitibd i ^' 



MEASUREMENT CONVERSIONS 

CBntflfah and Franoh): 

« aBAPfilC TABIiSB OB TOAttBAliS, 

Sluiwiiig St ft gUnoe the Mutual CoirvEBflioir of M] 
in DansMST Umss 



Of iMigkkg, Amm, TaIiudm, 

of Work, Home Powwb* Vemparatuxei, Ac 

In' Hv Mi ^ EmtimafBf 8Mn9ff%n,,MnMltmit$, mmi ^outmotom, 

«0 410, 8om^9. 7m. «tf. 

*«* Pro! SmKH's CoRTXRSBON-Tjasn font 4i» Bort unique and oim»> 

preh«iiiT»^€oUMtioB «ver fiiftoed before the profiwiop. By their nae araeli 

time and labour will be saved, and tbe chaneea ef enror in «akMiMlia» 

dimlniahed. It U believed that heneelerth no Engineer's Office wiU W 



**y>i>f. ftnMi dBSBTf^M tbe hatfly thaak^ not ely of thitwiwsi. In* of tile ^ 
WoBus for hmliurflnooMied the wajr te the Asopnovef tlw Mhbm SnDM ef V 

% sahjeet whieh & now Mmuning greet im — ' ---*— i_*_._i 

»omii«N ffBASK"— 2^ JfMMiMry mmrktL 



% sahjeet whiehis now eanuaing greet impoitenoe ee e flMlor In wietntelwtng oor hou i 



Pocket Size JrfMitter UBBtm,^ y^^ ttilt Edfes id J U> n B4Bd€onieHL printed on Speeitf 
Thin Paper, i^twlMratiOM, VP- <'%<! -MM. ltfoei8B.net. 

(THE NEW ••NYSTROM") 
THE MfeNAMICAL ENCINBER'8 BEFERBIIGE BOOK 

A Handbook of Tahlea, FormuUv. and Methods for Engineers, 
Strndeats and DrcMgktmmetL 

Br HfiNBY HABBISON 8UPLEE, B.Se.^ M.£. 

" We feel MVe It wfll be of great eerriee to medUMfod c 



: JIMLE8 8RIFHN t (ML, LIMTEQ. BETER SlIEET, i 



46 CHARlMa QRlFFiy S OO.'a FVBMOATIOIfS. 

8E00KD JSDmov. In Lurge ^ro. Handsom* Oloth. 16e. 

CHEMISTRY FOR ENGINEERS. 

BERTRAM BLOUNT, Jd A. O. BLOXAM, 

FJ.O., P.C.8., A.LO.E. F.I.O., F.0.8. 

OBKBBAL CONnVTB.^Iatrodaott«&-CbemlBtr7 of tli« Chief Matorlals 
of Ooiuitruotloxi— Sonrcei of Bnergy— Ohemlitry of Steam-raising— ClieiiiU- 
try of Lnlxrleatloa and Lularloanta— Metallurgical Frooeaaea used In the 
winning and Mannfaotore of Metals. 

"Xb« Mtbort hvn scoanDSD beyond all expectation, and have prodneed a work which 
■IMmM gtft WKwsa. Fowsa to the Aafdneer and BCanafaetnrer.**— f:A« Timm. 

For Companion Yolume by the same Authors, see <* Chbmistay 
FOR Manufacturers,'' p. 71. 

At Prbss. In Handsome Cloth. With about 50 Illustrations. 

THE ELEMEMTS OF CHEMICAL EMGIMEERING. 

By J. GROSSMANN, M.A., Ph.D., F.LC, 
Chemical Bugiueer and Consulting Chemist. 

WITH A PREFACE BY 

Sir WILLIAM RAMSAY, K.C.B., F.R.S. 

Contents.— The Beaker and its Technical Equivalents.— Distilling Flasks, Liebig's 
Condensers.- Fractionating lubes and their TechniCHl Equivalents.— The Air-Bath and 
to 'JechnicRl Equivalents.— The Blowpipe and Crucible and their Technical Equivalents. 
—The Steani Boiler and other Sources of Power.—General Remarks on the Application 
of Heat in Chemical Engineering. —The Funnel and its Technical Equivalents.— The 
Mortar and its Technical Equivalents.— Measuring Instruments and their Technical 
Equivalents.— Materials Used in Chemical Engineering and their Mode of Application.— 
Technical Research and the Designing of Plant.— Conclusion.— Chemicals and Materials. 

— INDBX. 



Works by WALTER R, BROW NE, M.A., M.InslC.E. 

THE STUDENT'S MECHANICS: 

An Introduction to the Study of Force and Motion. 

With Diagrams. Crown 8yo. Cloth* 48. 6<L 

"deu In style and practical in method, 'Tm STUDnrr's Michanics' is oocdiaBy to hm 
recommended fxom ail points of view."— .<4/AM«a0w. 



FOUNDATIONS OF l\AECHANICS. 

Papers reprinted from the Engineer, In Crown 8vo, is. 



Demy Svo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 
By Pbof. FRANZ SCHWACKHOFER of Vibnna, and 

WALTER R. BROWNE, M.A.. CE. 

Gbmbral CoNTBNTb.— Heat and Combustion— Fuel, Varieties of— firing Arrange seats : 
Furnace, Flues, Chimney — The Boiler, Choice of— Varieties — Feed-water kieaten 
Steam Kpet— Water : Composition, Purificatioo— Pieveation of Scale, &c., &c* 

*' The Section on Heat is one of the best and most lucid ever written.**— iTf^^ww/r. 

UIIIS0N: CHARLES QRIFFIN & UO., LIMITED, EXETER STREET. STRANG 



CHARLES GRIFFIN S OO.'S PUBLICATIONS. 47 

CBIFFIM'8 LOCAL COVEBHMEMT HAHDBtOKS, 

WORKS SUITABLE FOB MUNICIPAL AND COUNTY ENGINEERS, 
ANALYSTS, AND OTHERS. 

See also Daviee' Hygiene, p. 09, and MacLeod's Calcidatioiu, p, 110. 

Oas Manufacture (The Chemistry of), a Handbook on the Pro- 
duction, Purification, and Testing of Illaminating Gas, and the Assay of Bye-Pro- 
ducts. By W. J. A. BuTTERFiBLD, M.A., F.I.C., F.C.S. With IIlustrationB. Third 
Edition, Revised. Vol. I., 7s. 6d. net. Vol. IL, in preparation, [See page 77 

Water Supply : A Practical Treatise on the Selection of Sources and the 
Distribution of Water. By Reginald E. Middleton, M.Inst.C.B., M.Inst.Mech.E., 
F.S.I. With Numerous Plates and Diagrams. Ci*own 8vo. 8s. 6d. net. [See page 77. 

Central Eleetrleal Stations : Their Design, Or^nisation, and Manage- 
ment. ByC.H.WoBDiNaHAM,A.E.G.,M.I.C.E. Second Edition. 24s.net. [See p. 48. 

Sewage Disposal Works : A Guide to the Construction of Works for 
the Prevention of the Pollution by Sewage of Rivers and Estuaries. By W. Santo 
Crimp, M.InBt.C.£., F.G.S. Second Edition, Revised and Enlarged. Large 8vo, 
Handsome Cloth. With 87 Plates. Price 80s. [See page 76. 

Trades' Waste : its Treatment and Utilisation, with Special Reference 
to the Prevention of Rivers' Pollution. By W. Naylor, F.C.S., A.M.Inst.C.E. 
With Numerous Plates, Diagrams, and Illustrations. 21s. net. [See page 76. 

Calcareous Cements : Their Nature, Preparation, and Uses. With 
some Remarks upon Cement Testing. By Gilbert Rbdqratb, Assoc.InBt.C.E., 
and Chas. Spaceman, F.C.S. With Illustrations, Analytical Data, and Appendices 
on Costs, <&c. 15s. net. [See page 76. 

Road MaMnff and Maintenance : A Practical Treatise for Engineers, 
Surveyors, and others. With an Historical Sketch of Ancient and Modem Practice. 
By Thomas Aitken, Assoc. M. Inst. C.E., M. Assoc. Municipal and County Engrs.; 
M. San. Inst. With Plates, Diagrams, and Illustrations. 21s. [See page 79. 

Light Railways at Home and Abroad. By William Henry Colk, 

M.Inst.C.E., late Deputy Manager, North-Western Railway, India. Large 8vo, 
Handsome Cloth, Plates and illustrations. 16e. [See page SO. 

Practical Sanitation : A Handbook for Sanitary Inspectors and others 
interested in Sanitation. By Geo. Reid, M.D., D.P.H., Medical Officer, Staffordshire 
County Council. With Appendix on Sanitary Law, by Herbert Manley, M.A., M.B., 
D.P.H. Twelfth Edition, llioroughly Revised. 6s. [See page 78. 

Sanitary Engrlneerlngr: A Practical Manual of Town Drainage and 
Sewage and Refuse Disposal. By Francis Wood, A.M.Inst.C.E., F.G.S. Second 
Edition, Revised. Fully Illustrated. 8s. 6d. net. [See page 78. 

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Droop Richmond, F.I.C., Chemist to the Aylesbury Dairy 
Company. With Tables, Illustrations, <&c. Handsome Cloth, 168. [Seepage's. 

Dairy Analysis : The Laboratory Book of. By H. Droop Richmond, 
F.I.C. Fully Illustrated, Cloth. 2s. 6d. net. [See page 73. 

Milk: Its Production and Uses. With Chapters on Dairy Fanning, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By Edward F. 
WiLLonOHBT, M.D. (Lond.), D.P.H. (Lond. and Camb.), Inspector of Farms and 
General Scientific Adviser to Welford & Sons, Ltd. 6s. net. [See page 73. 

Flesh Foods: With Methods for their Chemical, Microscopical, and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. Ainsworth Mitchbll, B.A., F.LC, Mem. Council See. of Public 
Analystc With numerous XUustrations and a coloured Plate. lOs. 6d. [See page 74. 

Foods: Their Composition and Analysis. By A. Wtkteb Blyth, 
M.R.C.S.. F.C.S., Public Analyst for the County of Devon, and M. W Bltth, 
B.A., B.80. With Tables, Folding Plate, and Fiontispieee. Fdth Edition, 
Thoroughly Revised. 218. [See page 72. 

**Ax ADMIRABLE DICOBT of the most recent state of knowledge."— CftemieoZ ilewt, 

lONDON: CHARLES GRIFFIN * CO. LIMITED. EXETER STREET, STRANa 



Second Edition, Jitvistd. In Large Sv^. Mandsomt Goth, Trojusely 
lUustraUd with iOMer, Dit^rams^ and Figntts, 24^. mt. 

(XHTRIL ELECmiML STATIQfiS: 



ByCHAS. H. WORIHNGHAM, A.K.C.,M.i]«rJC;£^ ILI 

-- ' - - *tD«be 



IiitiaJiiclMi.-iCelwa StBttcm WMkas a BieGnnM.- 
chmt of a CnHral SlBti«n *^SMt«xi»of Siiiipl7.--^ite.- 
SystcsBBS of Draught and Waste Heat Economy.^Coal Handliag. Weq^faiu, and '^taeoB^.--^ 
•n^ jnwi w miMioa jrf Stea m. — OMiey ow.'- WDcyde Mi^J^S^ ^ 

(.—'Samoe Msibb aad i«MdBrs.^T 



i. — Standardising and Testing J 
ink- — Cost. — General Organisation. — Mains Department — fnstrtHarion , 
Stamdatdistng Department— Drawing Office. — Oetioal D^pertmeiit — T^ 
lLt>itttiie and Mom ijayiag.— iwDBC. 

"One of the most valitablb contributioks to Central Stittfoit M mtme - w t^Bme had 
:for some t\me."~-£iiectrieity. 



In Laige ^o. Handsome Cloth. Profusely Illastratcd. us. '6d. Mict. 

ELECTRICITY CONTROlu. 

A Tpeatiso on Slestrtc Swltcbgear and Sjstems of Blsctrte ItMnniaiion. 

By LEONARD ANDR-EWS. 

Associate Member of the Institution of Civil fingioeers, Meoiberof tike laitftubHt'sf 

£iectncal JEagineec^ Ac - 
Gewenl Principles of Switchgear Design. •-CoutnmtiMuJ J>etai]s« 
Arc Interrupting Devices. — ^Automatically Operated Circuit- Breakers. — i 



Current Devices. — Anan g eme nt of 'Bus Bars, and Ap^Mtas for IteaiUI'S 
Geaetal Arrangement of Controlling Appamtus for High Tension ^vImm.- 
Arnmsement of Controlling Appamtos for Low DeasioA SyHiwiiii.— J— li|ie»Off<^<nilete 
In^ttaflations. — Long Distance Transnassion J S e iwines . 

"Not often does the specialist have presented to him so satisfaetiavyal 
We recomaiend it without hesitation to Central S«ation Kngmoers, aad« in 4bS|ittr«aianone 
interested in the subject." — P<nver, 



Sbventscnth Edition, Tliorougkly Reviaed mnd Eals^eed. 3s. 4d. 

A POCKET-BOOK 

SLEOTRICAL RULES k TABLBB 

AMP tmK VSm O^M^MCTKiajtME iAirj> .SiVeXNHRBS: 

BtJOHN MUNRO, C.E., & ^kop. JAMSSSON, B[.iiisr.e)B.«ir».S.H. 

Wash IVnuanaos IKngnms. PdeketSiae. liHCdiar, Ik. "M. 

:flhXVlSB)AIi OOtWUlfTS. 

TTnitfinrMsiiri«fiifiil Miinsiwin 'ffstia^ rMUhsMMs tliiHi 

**!»• Snaum ¥ai.vb of Mman. M\ 

EkeMeml Mtvkn, 

^IMMnN: «iMC84IIilfTiN ^«L, UMIED. «EIEISniBr,« 





W I RBXi^SS TE LEG R APH Y. 

fey 
GUSTAVE EICHHORN, Ph.D. 

ComBMTCr-^^OsctBatMDs. — Closed Oscillation Systems.— Open 'Oscillation 
Systems. -^Ccntpied^ystems.— The Gonplin^ Compensiitlspg.1ftie Aerial Wire. — 
ljie*Beon^r.---^£!i^aqMEmtive Measurement in the Sender.— SlMaretieal^esuIts 
and CdlcxMim» tin Tespect of Sender and Receiver.— rGli»il3r*Gouple<l Sender 
and Receiver. — Loose-Goupled Sender and Receiver.— Principal Formulae.— 
The Ondame^r.— Working a Wireless Telwmph Station.— Mmmh sJbppamtus 
and M^hods of Working.— Conclnaion.— Bibliography.— Index. 



Just Out. Large Svo, Handsome Cloth, with 334 Page&'ABd 
^307 BkntBirtieM. 168. net. 

ELECTRICITY METE«iS, 

BY 

HENRY G. SOLOMON, A.M.IiMt.E.E. 

Contents.— Introductory. — General Piineiplee of ContiBiiOtts- Current 
Meters. — Continuous-Current Quantity Meters.— Continuous-Energy Motor 
Meters.— Different Types.*— Special Puposei, i.€., Battery Meters, Switchboard 
Meters, Tramcar Meters.— General Prmciples of Single- and Pohrphase Induc- 
tion Meters.— Single -phase Induction iteters.— Polyphase Meters.— Tariff 
Svfttems. — ^Prepayment Meters. — Tariff and Honr Meters.— Some Mechanical 
Features in Meter Design.— Testing Meters.— Inhex. 



ELECTRIC SMELTING AND REFINIlftG. 

By De. W. BORCHERS axd W. G. MeMILLAN. 
Second Edition, Revised and Enlarged. 2l8. net. 

ELECTRO-METALLURGY, A Treatise on. 

By WA*BR G. MoMILLAK, F.I.C., E.C:6. 
t^BOONP fSDmoN, 'R«Tified «nd hi Part Re-Writben. SWs. 6d. 



ELECTBICAL PRACTICE IN COIMER^S. 

By D. burns, M.E., M.Ik3T.M.E. 
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Cutting. — Miscellaneous Applications of Electricity in Mines. — Coal Mines 
Regulation Act (Electricity).— Index. 

"A clear and concise iiitrodiictiou to electrical practice in collieries."— Jfi»»f^j^ 
JoumcU. 



Fourth Edition, Thoroughly Revised and Greatly Enlarged. Re-set 
throughout. Large Crown Svo. Handsome Cloth. 12s. 6d. 

PRACTICAL COAL-MINING; 

A. MANUAL FOB MANAGERS, UNDER-MANAO-ERS, 

COLLIERY ENGINEERS, AND OTHERS. 

With Worked'OUt Problems 07i Haulage, Pumping, Ventilaiion, dkc. 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

"An sssENTiALLT PRACTICAL vo&K, and can be confidently recommended. No department 
or Coal-Mining bati been overlooked."— £nflrin«er«' Oagettc 

"This book just mebts the wants of Students preparing for the Collierr Managers' Examin- 
ations. I have decided to use it for our cliuses here. . . . We have, I believe the laigeat 
mining class in Great Britain."— TA« Principal of a Training CoUege. 



ELEMENTARY COAL-MINING : For the Use of Students, Miners, and: 

others preparing for Examinations. By Gborgk L. Kerr, M.E., 

M.Inst.M.E., Author of "Practical Coal-Mining." In Crown Svo. 

Handsome Cloth. With 200 Illustrations. 3s. 6d. 

" An abundance of information conveyed in a popular an attractive form. . . . Will be* 
of great use to all who are in any way interested in coal mining."-— Scottish Critic. 



BJLA8TINC : and the Use of Explosives. A Handbook for 

Engineers and others Engaged in Mining, Tunnelling, Quarrying, &c^ 
By Oscar Guttmann, M.Inst.C.E., Member of the Societies 
of Civil Engineers and Architects of Vienna and Budapest, Corre- 
sponding Member of the Imp. Roy. Geological Institution of Austria, 
&c. Second Edition, Revised. In Large Svo, with Illustrations and 
Folding-Plates. 10s. 6d. 

" Should prove a vade-mecum to Mining Engineers and all engaged in practical work. 
-^Ir^n and Coal Trades Review. 



TESTING EXPLOSIVES. By C. E. Bichel and Axel Labsbk. 
Contents. — Historical — ^Testing Stations — Power Gauges — prodnctfi 
of Combustion— Heat of Decomposition— Rate of Detonation— Bate 
and Duration of Flame — After Flame Rates — Transmission of Explo- 
sion—Efficiency, &c. In Medium Svo. Fully Illustrated. 0s. net. 
"Its pages bristle with Buir^estiong and actual experimental results to an extent 
seldom found in a volume of five times its size."— ^rww and JSxplosives 

LONDON: CHARLES GRIFFIN i CO.. LIMITED. EXETER STREET. STRANIK* 



MINIKQ AND METALLURGY. 59 

In Medvim ^^^ With Numerous Plates, Maps, and lUttatrationa, 

2l8. net. 

CYANIDING GOLD & SILVER ORES. 

A. Practical Treatise on the Cyanide Process; its Applicatioii, 

Methods of Working, Design and Construction of 

Plant, and Costs. 

By H. FORBES JULIAN, 

Mining and Metallurgical Engineer: Specialist in Oold : Late Technical Adviser of the 
Deatsche Gold und Silber ticheide Anstalt, Frankfort-on-jyiaine. 

And EDGAR SMART, A.M.I.O.E., 

Civil and Metallnrgical Engineer. 

"A handsome volume of 400 pages which ¥dll be a valuable book of reference for all 
-associated with the process."— i^inin^; Journal. 

•*The authors are to be congi-atulated upon the production of what should prove to be 
a standard wotln."— Page's Magazine. 



In Large Crown 8vo. With Plates and Illustrations. Handsome Cloth. 

Is. %d. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Book for the Use of Metallurgists and Students at 
Schools of Mines, dc. 

By JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of Mining and Director of the Otago University School of Mines ; late Director 

Thames School of Mines, and Oeol(^cal Surveyor and Mining Geologist 

to the Government of New Zealand. 

Thibd English Edition. Thoroughly Kevised and Greatly Enlarged. 
With additional details concerning the Siemens-Halske and other 
recent processes. 
"Deserves to be ranked as amongsttheBBSTOFEXi8TiNaTRBATiSBS."—i/tmn^ Journal. 



Third Edition, Revised, With Plates and Illustrations, Cloth, 3s. 6d. 

GETTING GOLD: 

A OOLD-MININQ HANDBOOK FOR PRACTICAL. MEN. 

By J. 0. F. JOHNSON, P.G.S., A.I.M.E., 

Life Member Anstralasian Mlne-Manscen* Assodatioa 
GxMBRAL GoNTBKTB.— Introductory : Proepectmg (Alluvial and Generals- 
Lode or Beef Prospecting — Grenesiology <d Qold^ Auriferous Lodes — Drifti— 
Gold Extraction — Lixiviation — Calcination — Motor Power and its Transmission 
— Company Formation — Mining Appliances and Methods — Austndasian 
Mining Regulations. 

.' '* PRAOnOAli from beginning to end . . . deals thoroughly with the Prospecting, 
sinking, Gmshing, and Extraction of gold."— Brit. Austral€uuin. 



In Crown Svo. Illustrated. Fancy Cloth Boards. 4«. 6d. 

GOLD SEEKING IN SOUTH AFRICA: 

A Handbook of Hints fop intending Exploreps, Ppospeetors. 

and Settlers. 

By THEO KASSNER, 

Mine Manager. Autlior of the Oeolc^ical Sketch Map of tlie De Kaap Gold Fields. 

With a Chapter on the Agricultural Prospects of South Africa. 
"As faaoinating as anything ever penned by Jales Verne.**— 4/Hea» Cbmmeree. 

tONOON : CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET, STRAND. 
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> 

lii. 6<!. Mt. 

METALLURGICAL ANALYSIS A ASSAVINa: 

A THREE YBARS' COyRSE 

FOR STUDENTS OP SCHOOLS OF MINES- 

By W. a. MACLEOD. B.A., B.Sc, A.O.S.M. (N.Z.), 

, Aasist.-Director. Thames School of Mines (N.Z.), and Lecturer in Chemistry, t 

Tasmania : Director of Queensland OovernmeBt School of Mines, Charters Towers ; 

And CHAS. WALKEK, F.C.S., 

_ jflonstrator in Cbemlstryt Sydney Univen " 
and Metallurgy, Charters Towers School c 

Part L— Qualitative Analysis and Preparation and Properties of Gases. 
Part II.— Qualitative and Quantitative Analysis. Part III. — Assayuvg, 
Technical Analysis (Gas, Water, Fuels, Oils, &c. ). 

"Tl»» publioatioa of this volume tends to prove tbaV the toaehiug of inetaUwigiAal 
analxflf and aitaying in Australia restt fa competent han<lt."— if «ftir«. 



Formerly Assist.-Director. Thames School of Mines (N.Z.), and Lecturer in Chemistry, University 
of Tasmania: Director of Queensland Government Sol "' " 

And CHAS. WALKEK, 

onnerly ABsist.-Demon8trator in Chemistry. Sydney University : Lecturer n Cbemlaivy 
-_^ «-.-,. «..-_. — m «-»-— I of Miner 



In Crown 8vo, Beautifully Illustrated with nearly 100 
Microphotographs of Steel, &c. 7s. 6d. net. 

MICROSCOPIC ANALYSIS OF METALS. 

By FLORIS OSMOND k J. E. STEAD, r.R.S., F.LC. 

CowncNTS,— Metallo^aphy considered as a method of Assay. — MJcr^ 
grai^ie Analysis of Carbon Steels.— Preparation of Specimens. — FoKshing. 
—Constituents of Steel; Ferrite; Cemeutite; Pearlite; SorMte^ Mar^snsite; 
Bardenite ; Troostite ; Austenite.— Identiiioation of Con8titueBt9<--I>9lidled 
Examination of Carbon Steels.— Conclusions, Theoretical and Practical. — 
Apparatus employed.— Appendix. 

"There has been no work previously published In English calculated to be so useful to 
the student in metallographlc research." — Iron and Steel Trades' Journal. 



Third Bdition. With Folding Plates and Many IllnstiatioBB. 36s. 

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 

FROM THEIR ORES. 

Br J. ARTHUR PHILLIPS, M.Inst.O.E., F.C.S.. F.aS., te. 

And H. BAUERMAN, V.P.G.S. 

Qe^ebal Contents. — Befractory Materials. — Fire-Clays. — Fuels, &c. — 
▲mdaima. — Ooppw. ---Ti». — Antiwo^y. — Amenic — 2&C. — - lfier«Q07. — 
Biim«lii. -Lead. -ItoiL-€N)l»ll.— Nickel --(KlTsr.->G€ld.--PlatiBMiib 

^Of ttit TWBD XnnoKj^ we an stSl able to say tiial, as a TtKithb— k. of 
Metallurgy, it is the best with whkk we are acquainted.''- ^n^tneer. 

*' A work which is equally vaki^ble to the Student as a Text-book, and to the 
praotJiBftL &i»^ter as a Standard Work of Kef erence. . » • The Ilhubiibtlona 
ar^ %dlBtoUe examples of Wood £Sn|praving.'^-^C%eiRica/ Ifewi, 

LOiDOK: CHARLES GRIFFIN i CO., LIMITED, EXETER STREET. STBMQ. 



UJSTALLURQICAL WORKS., 61 

At Press. Second Edition, Revised Throughout and Entarged, Re^wt 
on Larger Page. With Valuable Bibliographyy New Majps, 

PETROLEUM AND ITS PRODirCTS. 

By SIR BOVERTOir REDWOOJDt 

F.R.S.E., F.I.O., A8S0C.B.0.S., 
Hon. Oorr. Mem. of the Imperial Russian Teokfiieal Society; Mem. of the AmerlcaB Cki 
Societ; ; Adviser to the Home Office and to the Ooropration of London UBdwr tb* 



With Plates {One Cehm^t^amP RhtstMn^ioM, Pvice S«. 6£?. net, 

A HANDBOOK OK PETROLEUM. 

mR lUSPEGTOBS UNDER THE PETRQIEUK ACTS, -•' 

And for those engaged in the Storage, Transport, Distributioii, 

Industrial XTse of Petroleum and its Products, and of Calcluxa 

Carbide. With suggestions on the Construction and 

Use of Mineral Oil Lamps. 

Bt captain J. H. THOMSG-N, 

H.M. Chief Inspector of Explosives, 

And sir BOVERTON REDWOOD, 

Author of ** Petroleum and its Proikicta." 
CojKCBNOia.— I. Introductory. —11. Sources of Supply-^III. Productron.— IT. ChemiaiHTn^ 
ducla. Shale' Oil, and Coal Tap.— V. Flash Point and Fire 'Cest.— VI. TaattDcs.— TIL ExisliM 
Legislation relating to Petroleum.— VIIL — IX. —Precaufcioas. Ne«3samt.--X. F^uaieam QB 
Lamps.— XI. Carbide of Calcium and Acetylene.— Appendices.— Iimsx. 



" A^Tobune that, vill enrich tho worldTa petroleiun litesatJUDBu and render a senrics. to.tt« 
' ranofa of tl» indubtry. . . . Beiiable, indispeoflable, a Inilliattt. eottkrilHiifen**-* 



At Press. In Crown Svo. Fully Illustrated. 

TRELAMIIATORY BOOK OF MHIERM. OIL ANALYSIS. 

By J. A. HICKS, 

Chemist to Sii* Boverton Redwood. 
Contents. — Specific Gravity. — Plashing Pobit. — Tests. — Viscosity. — Ccfkmr - 
Appanttas.— Deteetion of Petroleum Vapoar.— Capillary Test— MaKing Point of P!ar:'"'> 
Scale and Wax.-^il in Scale.— Estioifttion of Sulphur, of Water.— CalorjAc Valu^'. 
Tables.— Index. 

O I ILi F XJ E: U: 

ITS SUPPLY, COMPOS/ r/O/V, AND APPLICATtaNm 
»Y SIDNEY H. NORTH. 

{See page 2&}. 



THB: petroleum lamp: Its Choice and Use. A Guide 

t»th» ISnSe BmploymeDt ot Mineral Oil ia what is comraoaly tc imed 

the Paraffin Lamp. By Capt. J. H. Thomsoet and Sir ^vxrtok 

Redwood. Popular Edition, Illustrated. Is. net. 

"The book contains a great deal of inierasting reading, miwk «f -vUclxto thoroq|: My, m mtHi < l 
and useful. It is a work which will meet every purpose for which it has been wnoMi.'*'— 
Petroleum. 

UBDOH I CHARLES GBIFFIN £ CO., IIMITEO. EXETER STREET. aTRMft 



6s CHARLES ORIFFIN Jt CO.'S PUBLICATI0N8. 

STANDARD WORKS OF REFERENCE 

FOE 

Metallurgists, Mine-Owners, Assayers, Manufaetorers, 

and all interested in the development of 

the Metallorgleal Industries. 

EDITED BY 

Sir W. ROBERTS-AUSTEN, K.C.B, D.C.L., F.R.& 

In Largt ^vo^ Handsome Chtk. With lUustraUem, 



INTBODUCTION to the STUDY of METAIiLUBGY. 

By the Editoiu Fifth Edition. i8s. (See p. 63.) 

GOIiD (The Metallurgy of). By Thos. Kirke Rose, 
D.Sc, Assoc R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. Fifth Edition. 21s. (Seep. 63.) 

LSAD AND SILVEB (The Metallurgy of). By H. F. 
Collins, AssocR.S.M., M.Inst.M.M. Part I., Lead, i6s; Part 
II., Silver, i6s. (See p. 64.) 

IB OK (The Metallurgy of). By T. Turner, A.R.S.M., 
F.I.C, F.C.S. Second Edition, Revised. i6s. (See p. 65.) 

STEEIi (The Metallurgy of). By F. W. Harbort). 
Assoc. R.S.M., F.I.C., with a Section on Mechanical Treatment by 
J. W. Hall, A.M.Inst.C.E. Second Edition. 25s. net. (See 
p. 65.) 

WiU be PubUsJud at Short Intervals, 

MSTAIiLnBGICAIi MACHINEBY : the Application ot 
Engineering to Metallurgical Problems. By H enr Y Charles Jenkins, 
Wh.Sc, Assoc. R.S.M., Assoc. M. Inst. C.E., of the Royal College of 
Science. (See p. 64). 

COPPER (The Metallurgy of). By Thos. C. Cloud, Assoc. 
R.S.M. 

AUjOYS. By Edward T. Law, AssocR.S.M. 
*^* Other Volumes in Preparation. 

L0ND3N: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GBIFFIN'S METAIiLTJItGICAI. SEBIES. 



Fifth Edition, thoroughly Revised and considerably Enlai^ed. Large 

8vo, with numerous Illustrations and Micro- Photographic 

Plates of different varieties of Steel. i8s. 

An Introduetion to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M., 

Late Chemist and Assayer of the Royal Mint, and Professor of Metallurgy 
in the Royal College of Science. 

Gknbral Contents. — The Relation of Metallurgy to Chemistiy. — Physical Properties 
of Metals. — Alloys. The Thermal Treatment of Metals.— Fuel and Thermal Measurements. 
— Materials and Products of Metallurgical Processes. — Furnaces. — Means of Supplying Air 
to Furnaces. — Thermo- Chemistry. — ^^pical Metalluigical Processes. — ^The Micro-Structure 
of Metals and Alloys. — Economic Considerations. 

" No English text-book at all approaches this in the completeness with 
which the most modem views on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only to the student, but also to those whose 
knowledge of the art is far advanced." — Chemical News, 



Fifth Edition, Revised, Considerably Enlarged, and in part Re- written. 
With Frontispiece and numerous lUustrations. 21s. 

THE METALLURGY OF GOLD. 



T. KIRKE ROSE, D.ScLond;, Assoc.R.S.M., 

Ckemuft and Assayer cf the Royai Mint. 

Gbnebal Contents.— The Properties of Gold and its Alloys.— Chemistry of the 
Compounds of Gold.— Mode of Occurrence and Distribution of Gold.— Shallow Placer 
Deposits.— Deep Placer Deposits.— Quartz Crushing in the Stamp Battery.— Amalgam- 
ation in the Stamp Battery.— Other Forms of Crushing .and Amalgamating Machinery. 
—Concentration in Gold Mills.— D17 Crushing.— Re-grinding.— Boasting.— Chlorinatlon : 
The Plattner Process, The Barrel Process, The Vat-Solution Process.- The Cyanide 
Process.— Chemistry of the Cyanide Process.— Beflning ai;d Parting of Gold Bullion. 
—Assay of Gold Ores.- Assay of Gold Bullion.— Statistics of Gold Production. -Biblio- 
graphy.— Index. 

" AooiCPKSiUDrsr^K pbactical trbatiss on this important subjeoc"— 29ke Timu. 

^*The MOST OOMFLBTB description of tne cHLoaiirATioN process which has yet been pnb- 
VMmA.^— Mining Journal. 

** Adapted for all who are interested in the Gold Mining Industry, being free from teoh- 
nioalitiee as far as possible, bat is more particalarly of value to those engaged in the 
indnrtry.*'— Cape Time*. 

LONDON: GHARLE8 GRIFFIN « CO.. LIMITED, EXETER STREET. STRAND. 



4 GHARLE& Q RIFF IK 4;. CO/S PUBLLGATIONS. 

GBIFFIK'S METAIiLnBaiCAI. SEBISS. 

Edited by SIR W. ROBERTS- AtTSTEK', K.C.B., F.R.S., D.O.L. 
In Large 8vo. Handsome Cloth, With Illiistrations, 



In Two VoluBBs, Each Coaqplcte in Iteetf asd Sold Separately. 

THE METALLURfiV OF LEAD AND SILVER. 

By H. F. COLLINS, AbsocR.S.M-. M.InstJM.M. 

Papt !•— IjS iLI>: 

A Gomidet* and Exkawtifve Treaiise cm the Aia&nfaolare of LMid» 
with SeoBOBa an Smeltiag amd DeailveiiBa^Ma,. and Chai^Ura 4iil the 
Assay and Analysis of the Materials mrolTed. Pike i6s. 

SvnLfcST OT C!eiiTniis..-S«iiBila9«Bd AHajrteLMMl and Sllvev.*-<Prop«itlM and 
Oowponds of lMMi.->LMd 0*M.-4.Md SineltlBs.— lUvwtattatortMk— L«ad BiMMtat in 
HMitlH.-*ne RoMttep of Lead OrM.~Blast Fnfsaee StMltkiff; Piiocijptoa, PiaoOee, 
an# Bmi^lM; Pro(hiett.--Fhie Dust, its Compositioii, CoHeetran and TMStaMst.^ 
Costs and Losses, Farchase of Ores.— Treafe»Mi%<rf Ktnc, LMwt Sidpfaidcdi, DesflvetiMtlon, 
Softening ani B-eflning.— The Pattinsou Process.— TUe Parkos Proceaa.— CupftUation and 
Beflning, Ac, <fec. 

"A iHaROUaHtY soxnm and usefal digest. May with eyiert covvidskqs Tm 
recommended.'*— Jfini/i^ Jowmai. 



Part II.— SILVER. 

Comprising Betaila regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Mannla(^ai«, Refining of Bnllioa, Cost of Working, &e. Price I^s. 

^j|aC4B.T OF CONTSKXS.— Properties c^ Silver and ita Principal CompoaBda.--SflTer 
Orea.-<-Tll* Patio Frocesa,— The Kaco, Jfondon. £rfihnkfit SQcl Una Proces8eB.^Tke Pan 
Process.— Boast Amalgamation.— Treatment of Tailings and Concentration.— Retorting, 
Melting, and Assaying — Chloridising-Roasting.- The Augustin, Claudet, and Ziervo^l 
Processes.— The Hypo-Sulphite Leaching Process.— Reflning.—Matte Smelting.— Pjrritlc 
Smelting.— Matte Smelting in Re verberatories.— Silver-Copper Smelting and Refining.— 
Index. 

" The author has focusaed A lakqe amount oi* yaluabi^s information into » 
convenient form. . . . Th^ author has evidently considerable practical experience^ 
Md dMorilMa tb» variooa j^ooesMa ctoariy and welL '— J(taM9 JwunukL 



IH f» R B P A.R AT i 09i. 

METALLURGICAL lAGHINERY: 

Th» Amtflcatien of Engl n e^ ri ii g to MetaHurgtoat PreMwas. 

Br HENRY CHARLES JENKINS, 

WhuSe^ Astee. M.S M^ Atioe^JnaLGJS, 
UWDOM: CNARUEA &RIFFIN & CO., UMITED* EXETER STREET, STRANG 
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HMTFtJPB MBTAXiIitmOXCia:* SBEHrS. 



Second Edition, Revised. With Nusaerous Illustrations. Large 8vo, 

Haadsome ploth, 25s. net. 

With Additional Chapter on The Electric Smelting of Steel. 

THE METALLURGY OF STEEL. 

By F. W. HARBORD, Assoc.R.S.M.,)|F.I.C.. 

Hfm^'vUtmg MeteUhirgist and AnahfHeal ChemiH to the Indian Oovemmad^ 

RoijqI Indian Wngweering Coihget Coopers Hill. 

WHh 37 Plates, 280 Illnstrations in tb© Text, and nearly ICO Micr<»- 

Sections of Steel, and a Section on 

TBS MECHANICAL TREATMENT OF STEEL. 

By J, W. HALL, A.M.Inst. C.E, 



Abridged Contents. — The Plant, Machinery, Methods and Chemistry of the I 

and of tne OpAri Hearth Processes (Aoid and Basic ).-^T he Meetiauical Treatmsnt of Steel 
QomprisiQg Mill Practice, Plant and Machinery. — The Inauence of Metalloids, HMt 
Treatment, Special Steels, Microstractare, Testing, and Specifications. 

" A work which we ventnre to commend as an Invaluable c<»npendiitm of information upon 
the metallurgy of steel."— Yrow and Coal Trades' Mevtevf. 

The Engineer says, at the conclusion of a review of this book :— " We cannot cpnclude without 
earnestly recommendiDg aU who may be hitcKsted asvukers or users of steel, which practically 
means the whole of the engftneering profession, to malfe themseJres acquainted with it as speedily 
as jMBsiWe, and this qiay be libe SMirs «asUy done as Uie iMiblishsd iu-vc«, c&osideriug ths ijje 
of tae bo«k, is extremity moderate.'* 



Second Edition, Ke vised. Price 16s. 

THE METALLURGY OF IRON. 

By THOMAS TURNER, Assoc.R.S.M., F.I.G, 

Frofe99or 0/ Jfetetlturgp in the Un'weniUj of BirMingkam, 

Ik Labox 8vo, Handsome Cloth, With Numeroqs Illustxutioks 
(MANY PROM Photographs). 

fl » iwK l C6ntmU.^'Etta\y History of Iron.— Modern History of Iron.— Tbe Age ef Steel. 
-.OUef Iron Ores.— Preparation of Iron Ores.— The Blast Furnace. >-The Air used in Ut* 
Blast Furnace.— Reactions of the Blast Furnace.— The Fuel used in the Blast Famace.— 
Slags and Fuzes of Iron Smelting.— Properties of Oast Iron.— Foundry Practice.— Wrought 
Iroa— Indirect Production of Wrought iron.— The P«iddUng Process.— Further Treatment 
of Wrought Iron. ~ Corrosion of Iron and Steel. 

" A laxm VALUABLE S1IMVART of knowi«^ relating to ereiy inetlMd and atage 
in tlM SMunifactiire of cast and wioagbt Iron . . . rich in chemical defeaiK . . . 
ExHAVSTXYE and thobouohlt up-to-date ."—.BwKetia of the American Iron 
and Steel Association. 

*' This is A DiaaoMTFtrL book, itifing, as it does, reliable infotmatioiL on a subject 
becoming every day more elaborate. ^'^CoMierv Guardian. 

"A thobouohlt usbpul book, which brings the subject up to date. Op 
•«BAT VALUE to thete engaged ia the iroa io4mtaj.^'^Minmg JoummL 



*»* For ProfeBsor TnnMr's Lectures on Iron* Founding, see pa^e 6& 

UIMDON: CHARLES SRrfFtN & CO.. LIMtTEO. EXETER STREET. STMNIL 



«6 CHABLM ORIFFIN <ft CO.'S PUBLIGATI0N8. 

A TEXT-BOOK OF ASSAYING: 

For the use of Students, Mine Managers, Assayers, do. 
By J. J. BERINGER, F.I.C., F.C.S., 

Public Analyst for, and Lecturer to the Mining Association o^ ComwalL 

And C. BERINGER, F.C.S., 

Late Chief Assayer to the Rio Tinto Copper Company, London, 

With nnmerous Tables and Illustrations. Crown 8vo. Cloth, los. 6d« 

Ninth Edition. 

GnrsKAL CoHTBNTS. — Part I. — Intkoductory ; Manipitlation : Sampling ; 
Dryinc; Calculation of Results— Laboratory-books and Reports. Methods: Dry Gra^- 
metric; Wet Gravimetric— Volumetric Assays: Titrometnc, Colorimetric, Gasometxi^* 
Weighing and Measuring— Reagents — Formulae, Equations, &c. — Specific Gravity. 

Part II.— Mbtals : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper, 
Lead, Thallium, Bismu^ Antimonv, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten. 
Titanium, Mai^;anese, Cnromium, &c.— Earths, AUcalies. 

Part III.— Non-Mbtals : Oxygen and Oxides; The Halogens— Sulphur and Sul- 
phates — ^Arsenic, Phosphorus, Nitrogen — Silicon, Carbon, Boron — Useful Tables. 

"A XBALLY mrritorious WORK, that may be safely depended upon either for S3rsteniatic 
instruction or for reference."— iV<i/»fv. 

"This work is one of the best of its kind.**— £n£tfuer. 

Third Edition, Revised, Handsome Cloth, With Numerous 
lUustrcUions, 6s, 

A TEXT-BOOK OP 

ELEMENTARY METALLURGY. 

Including the Author's Pbaotical Liboratobt Coubsb. 
By a. HUMBOLDT SEXTON, E.LC, F.O.S., 

Professor of Metallur^ in the Glasgow and West of Scotland Technical College. 
GENERAL CONTENTS.— Introduction.— Properties of the MetaK— CombnstioB. 
^^Fuels. — Refractory Materials. — Fam aces.— Occurrence of the Metals in Nafcore.— 
Preparation of the Ore for the Smelter. — Metallurgical Processes. — Iron. — Sted. — 
Copper.— Lead. — Zmc and Tin. — Silver.— Gold. — Mercury. — Alloys. — Applications 
-of Electricitt to Metallurgy. — Laboratory Course. 

*< Jnst the kind of work for Students commkncino the study of MetaL 
lnrgjr, or for Enoinebrino Students."- /^mciica/ Engineer, 

" EXGBI.LENTLT got-up and WKLL-ARRANOKD." — GJiemicoL Trade JoumdL 

In Large Svo. Handsome Cloth. Price 48. 

npAg'TTgg FOR 

QUANTITATIVE METALLURGICAL ANALYSIS. 

FOR LABORATORY USE. 

ON THE PRINGIPLE OF ''GROUP" SEPARATIONS, 

By J. JAMES MORGAN, F.O.S., M.S.C.T. 

'* The Author may be conoratdlatsd on the way his work has been carried ont.**M* 
J%e Bnaineer. 

^^Will COMUEND ITSELF highly in Laboratory Practice. Its clbaknsss and pbioibios 
mark the book out as a highly useful one,'' -^ Mining JourtuU, 
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ELECTRO-METALLURGY, ETC. Sf 

Second Edition, Kevised, Enlarged, and in part Be-written^ 

With Additional Sections on Modern Theoribs oj* Electrolvsis 

Costs, &c. Price 10s. 6d. 

A TREATISE ON 

ELECTRO-METALLURGY: 

Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Surfskces and Art-Work, kc, 

BY 

WALTER G. MCMILLAN, P.LC, P.C.S., 

Seer^tary to the Inttitution o/Eleetrical EriQineers; late Lecturer in Metallurgy 
at Mason CoUege, Birmingham. 

With numerous Illustrations. Large Grown 8vo.. Cloth. 

'* This excellent treatise, . . . one of the best and most complete 
manuals hitherto published on Electro-Metallurgy." — ElectrtccU Review, 

" This work wiU be a standard." — Jeweller. 

"Any metaUurgioal process which reduces the cost of production 
must of, necessity prove of great commercial importance. . . • We 
recommend this manual to all who are interested in the practical 
APPLICATION of electrolytic processes.'' — NcUure. 



Second Edition, Thoroughly Revised and Enlarged, in large 8vo. 
With Numerous Illustrations and Three Folding-Plates. 21s. 9i€L 

ELECTRIC SlELTIITfr & REFinia: 

A Practical Manual of the Extraction and Treatment 

of Metals by Electrical Methods. 

Being the " Elektro-Metalluroie " of Dr. W. BORCHERS. 

Translated from the Latest German Edition by WALTER G. M'MILL AN,. 

F.I.C., P.C.S/ 

CONTENTS. 

Part I. — ^Alkalies and Alkaline Earth Metals: Maffnesinm, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Part II.— The Earth Metals: Aluminium, Cerium, Lanthanum, 
Didymium. 

Part IIL— The Heavy Metals : Cop|per, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum 
Group. 

'< COMPBEHBHBIVB and AUTHOKITATIVB ... not only FULL Of VALUABLE IRrOB- 

KAnov, bat glrei evidence of a thobouqh ihsioht Into the technical value and 
FOflSiBiLiTiis of all the method! diacoMed."— rA« BUeMeian, 

" Dr. BOB0HBB8' WELL-KNOWN WORK . . . mnit OF HB0B88ITT BE ACQUIRED by 

every one Intereeted In the inbject. Bxoellentlt put Into Bngliah with additional 
matter 1^ Mr. M'Millar."— ^a<ur«. 
" WUl be of OBaAi bibviob to the inractical man and theBtndent."— JiMCrie ameMng. 
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In Large 4^o, Library Style. Beautifully Illustrated toUH 20 Plates, many 
in ColourSy and 94 Figures in the Teoct. £2, 2s. net. 

PRECIOUS STONES! 

Theip Ppopapties, Oooupp^ne^s, and Uses. 

A Treatise for Deaf era, HiatfftfitGturerSy Jewe/hrs, and for all 
Oollect^ra and others interests w Sems. 

By Dr. MAX BAUER, 

Professor in the University of MwrbUrg, 

Translated by L. J. SPENCER, M.A. (Ca^^tab.), P.G.S. 

General Contents. —General Properties of G«m8: Their Natural Characters, 
Occurrence, Application, and Uses.— Detailed Detcription of Particular Gems: The 
Diamond, Rubies, Sapphires ; Emeralds, Tourmalines, and Opals ; Felspars, Amphiboles, 
Malachite.— Non-mineral Gems: Amber, <fcc.— Optical Features, Tranapai'ency, Trans- 
lucency. Opacity, Refraction and Dispersion, &c.— Appendix : Pearls ; Coral. 

" The plates are remarkable for their beautv, delicacy, and truthfulness. A glance at 
them alone U a lesson on precious .stones, whilst the perusal of the work itself should 
■add a new interest to any casket of jewels or cabiBet of gems, or even to a JeWvllers' 
urindow. " — A theTUButn. 

**The work is one to be recommended to every jeweller." — Ths JetoeUenf CirettUtr. 



In Large Crown 8vo, With yumsrous IU%$tnUions» S6^ 6dt 

Tbe Art of tbe Goldsmith and Jeieller 

A Manual on the Manipulation of Gold and the Manu- 
facture of Personal Ornaments. 
By THOS. B. WIGLBY, 

Headmaster of the Jewellers and Silversmiths' Association Technical 
School, Birmingham. 

ASSISTED BY 

J. H. STANSBIE, B,Sc. (Lond.), F.I.C./ 

Lecturer at the Birmingham Municipal Technical School. 
GrnBRAL Cont<^:nts.— Introdttction.^Tho Ancient Ooldsmith't Art. ^MeUUlttgy of 
Gold.— Prices, Jbc— Alloys.- Melting, Rolling, and Slitting Gold.— The workshop and 
Tools.— Wire Drawing. — Rings.— Chains and Insignia. —Antique Jewellery and its 
Revival.— Eti-uscan Work.— Precious Stones.— Cutting.— Polishing and Finishing.— 
Chasing, Embossing, and Repouss6 Work.— Colouring and Finishing.— Enamelling. — 
Engra^ng.— Moulding and Casting Ornaments, Ac — Fluxes. &c. — Recovery of the 
Preetoui Metals.— Refining and Aseaykig.— Gilding and Electro Deposition.— Hall 
Maiking. —Miscellaneous. —Appendix. 



Extra Grown 8vo, With 48 lUuMrationJi. Ss. Qd. net. 

LECTURES ON IRON-FOUNDING. 

By .THOMAS TUEN-ER, M.Sc, A.R.S.M., F.I.C, 

Professor of Metallurgy in the University of Bii'mingham 
GoirfB NTS.— Varieties of Iron and Steel.— Applicatfton of Cast Iron.— History.— Pro- 
diiotioii.-~Iron Ores.— Composition.— Xho Blast Furnace.— Materials.— Heactions.— 
Grading Pig Iron. — Carbon, Silicon, Sulphur, Phosphorus, Manganese, Aluminium, 
Aisenic, Copper, and Titanium.— Tbe Foundry.— General Arrangement.— £e-melting 
Ctat iron.— The Cujx^a.— Fnel Used.— Changes due to Re-melting.- MouldB and 
Moulding.— Foundry Ladles.— Pouring and Pouring Temperature. —Common Troubles.— 
InAnenoe of Shape and Size on Strength of Caatinga.— Teats. 

'< Ironfounders will And much mformatiou in the book."— /ron Trade Circular 
iRykmdla}. 
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Third Edition, Revised, Enlarged, and Re-issued. Price 6s. net. 

A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

BY 

A. DUPRE, Ph.D., F.R.S., 



WILSON HAKE, Ph.D., F.LO., F.C.S., 

Of the Westminster Hospital Medical School 

" A well-writteii, dear and accurate Elementary Manual of Inorganic Chenustry. . . . 
We agree heartily with the system adopted by Drs. Duprtf and Hake. Will makb Sxpsk. - 

MBNTAL WOKK TKKBLV INTBKBSTING BBCAUSK IKTKLUGIBLS."— kStf/MnAl^ RtVUW. 

"There is no question that, given the pbrfbct gkoumdimg d the Student in his Soence, 
the renuJnder comes afterwards to him in a manner much more simple and easily acquireg. 

TIm work IS AM BXAMPLB OP THB ADVAHTAGKS OP THB SYSTEMATIC TrBATMBHT Of S 

ScMDCe over the fragmentarv style so generally followed. Bv a long way thb bbst of the 
■mail Manuals for StudtatMr—Afiaifsi, 



LABORATORY HANDBOOKS BT A HUMBOLDT SEXTON, 

ProfesBOr of Uetallurgy in the Glasgow and West of Scotland Technloal Oollege. 



OUTLINES OF QUANTITATIVE ANALYSIS, 

FOR THB USB OF STUDBNTS. 

With niostrationa. Fourth Edition. Crown 8vo, Cloth, 3b. 

'' A OOMPACT LABOBATOBT ouiDB for be^nners was wanted, and the want haa 
been wxll supplied. ... A good and xiseftd book.'*— Xatk»& 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF STUDBNTS. 

With niustrations. Fourth Edition, Revised. Crown Sro, Cloth, 3a. 6d» 

'* The work of a thoroughly practical chemist."— jSri^icA Medical Journal, 
<« Compiled with great care, and will supply a want.*'— /otiniaj of Education, 



ELEMENTARY METALLURGY: 

Indnding the Author's Practical Liaboratory Course. With nuny 
Illustrations. [See p. 66. 

Thibc Edition, Revised* Crown 8vo. Cloth, 66. 
•• Just the kind of work for stndents commencing the study of metaUurgy.'*— 
Pradkal £!nffineer. 
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"The authors have sdcobbdid beyond all expectations, and have prodaoed a work wbick 
should give PRI8H roWBE to the Engineer and Manufacturer."— rA< TitMt. 

in Two Vols., Large 8vo. With IllustrationB. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BY 

BERTRAM BLOUNT, F.I.C., <fc A. G. BLOXAM, F.I.C. 

CHEMISTRY OP ENGINEERING, BUILDING, AND 
METALLURGY. 

Oeneral Coii<«iito.—INTBODacnON— Chemistry of the Chief ]Cat«rUle 
of Constniction— Sources of Enersry— Chemistry of Steam-raising— Oheml». 
try of Lubrication and Lubricants-— Metallurgical Processes used in the 
Winning and Manufacture of Metals. 

voiLiUiisEs II. Pvio« xes. 

Second Edition, Thoroughly Revised. Illustrated. Ids. 

THE CHEMISTRY OF MANUFACTURING 
PROCESSES. 

Oeneral Con^ento.— Sulphuric Acid Manufacture— AlkalL fto. — DestructiT« 
Distillation -Artiflcial Manure— Petroleum— Lime and Cement— Clay and 
Glass — Sugar and Starch — Brewing and Distilling — OUs, Resins, auit 
Varnishes— Soap and Candles — TextUes and Bleaching — Colourinc^ 
Matters, Dyeing, and Printing — Paper and Pasteboard — Pigments and 
Paints — Leather, Glue, and Size — Bxplosives and Matches — Minor 
Manufactures. 

'* Certainly a eooD and usbful book, constituting a practical ooidb for ttBdeBtt lif 
affording a clear conception of the nameroaA processes as a wboleL*— CA«Miea/ iW . 
Jommal, 



Second Edition. In Large 8va Handsome Cloth. With 800 pages 
and 154 Illustrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES: 

THEIR PREPARATION AND PROPERTIES, AND MANUFAGTURE THERE- 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C. R. alder WRIGHT, D.Sc, F.R.S., 

Late Lecturer on Chentistry, St. Mary's Hospital Medical School ; Sxaminer 
in "Soap** to the Qty and Guilds of London Insutute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, M.A., F.I.C. 

"Win be found absolutblv indispbn:>ablb."— ri#.^MM>x/. 
"Will rank as the Stamdako English Authokxty on Oils and Fats for aaaf 
fears to comnJ' '-IndutirUs and Iron, 
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Fifth Edition, Thoroaghly Bevised* Greatly EnlArged and Bft-writtea. 
With additional Tables, Plates, and lUastrations. 21a. 

POODS: 

THEIR COHSPGSmm AN& ANAIYSSS. 

By a. WYNTER BLYTH, M.R.C.S., RIG, F.C.S., 

B&rriBter-&t-Law, Pablie Analyst fvrthe County of Devon, and 
Medioal Officer of Health for St. Marylebone. 

And M. WYNTER BLYTH, B.A., B.Sc, F.C.S. 

CrENXBAb CkHiTXSTS. — HistoEy •! AdolteEatieii. — Legislation. — Ap- 
paratus. — " Ash.*'— Sugar. — Confectionery. — Honey. — I'reaole. — Jam* 
.aad Preserved Fruits.— Starches.— Wheateft-FkKir.-- Bread. —Oats.— 
BarV^T'—Bve* —Bice. —Maize. —Millet. — Potatoes. —Peas.— Lentils. — 

Bean^—Hllk.— Cream Batter. -Oko-Marganne. —Cheese.— Lard. — 

Tea. — Oofibe. —Cocoa aad Chocolate. — Aleohol. — Brandy.- Bnm. — 
Whisky. — Gin. — Arrack. — Liqueurs. — Absinthe. — Yeast. — Beer. — ^Wiae. 
— Vinegar. — Lemon and Lime Juice. — Mustard. — Pepper. — Sweet and 
Bitter Amends.— Annatto.—OIiTe Oil,— Water ABBlysls.— Appendix I 
Adalteratieii.Acts, Ac. 

** Simply ivnisPBii8ABLX in the Analyst's laboratory.'*— 7*^ Lancet. 
** A new edMon of Mr. Wymer Blyth's Standanl -work, bbbmhbd wrra all ma xbcsvt 
DfBCOVBKiES AND iMFBoysiacHTB, wUl DC aoeepted as a boon."— CAcmica/ Nem. 



FouBTH Bdixxok, Jh Large 8yo, Cloth, with Tables and mtntrat&nre. 

TlM>roughly Bevised. 

POISONS; 

THEIR EFFECTS AND DETECTION. 

By a. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S., 

Barri8ter>at-Law, Public Analyst for the County of Devon, and 
Medical Officer of Health for St Marytebone. 

GENHHAL CONTENTS. 
L— HistMieallntroductiA. IL— aassffieatiaa— Statisttcv— QoBi^ctton 
ht/bwtfm Toxio Action and Chemical Conpos^icHifc— Liie Tests— GeDcral 
Method of Piaoednre— The Spactroacope— BxamiBatieo. of Blood and Bloodf 
Stains... XIL — Poisonous Gases. IT.- Acids and Alkalies. T. — More 
•r lesa Tolatila Pnsonoua Sabstancesv VI. — Alkaloid* and Poiaonom 
Vegetable PkineipleB^ VIL — ^Poisons dccivad from Living or Dead Animal 
fiBbstances. VIlL— The Oxalic Acid (^evp. IX.— Inorganic Poisons. 
Appendix : Treatment^ hg Antidotes or othecwisey of Cases of Poiaoning. 
** Undi ^b|e4^ THVMoavoommwioBi: o» Tockolesr la ear lansaaffe."— Tk« Aitdiiftt (m 

** As a rKACViCAL oviDi, we know no ^mm work."— 2Jk« Lancet (on the Tktrd EdUimS, 
*•* la Ui«L !|Hua 9i>i»ok» Jbdaised and partly Re-wtiRMr, Nbw AiraEmcas W mmu mttHm 
feeeatatrodniBed, amTtbe CAVaTsue Azkaiotdb, erFTom0H(,bedia»plsflive»gniiiaa9HtiB 
Vuoifpokaaiag and in the Manifestations of Disease, have r uwl U Mfiiff s tj Ist afetaaHlBk 
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With Numerous Tables, and 2a Illustrations. i6s. 

DAIRY CHEMISTRY 

FOR DAIRT MANAGERS, CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Ch«mists and others 

having Control or Dairies. 

By H. droop RICHMOND, F.LC, 

CHEMIST TO THE AYLESBURY DAIRY COMPANY. 

Contents.'^l. Introductory. — The Constituents of Milk. II. The Analysis of 
Milk. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV. The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 
VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 
than the Cow.—Appendices. — Tables. — Index. 

". . . Itt our opinion the book is tho bbst contribution oy thb subjbct that 
HAS YST AFPSABBD in the English language." — Lancet, 



Fully IHo»far«ted. With Photographs of Various Breeds of Cattle, Ac* 

Cs. net, 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dairy Farming, The Diseases of Cattie, and on the 
Hygiene and Control of Supplies. 

By EDWAKD F. WILLOUGHBY, 

M.D. (Lo»d.X ©.P.H. (Lond. and Camb.), 

lQ8ii«ctor of Farms aud General Scientillc Adviser to Welfc^d and aons, Ltd. 

" A good investment to those in the least interested in dairying. Excellently boand ; 

printed ou good paper, and \vell illustrated, running to 250 pages, the purchaser gets at 

the price of a novel a work which will staiKi good as a work of reference for some yean 

to come."— Agricult. Gazette. 

We cordially recommend it to creryone who has anything at all to do with milk." — 
Daiw World, 

In Crown Svo, Fnlly Illustrated. 2s. 6d. net. 
THB LABOBATOKT BOOK OF 

DAIRY ANALYSIS. 

By H. droop RICHMOND, F.LC, 

Analyst to the Aylesbury Dairy Co , Ltd. 
Contents. — Composition of Milk and its Products. — Analysis ot Milk. — 
Analysis of Liquid Products. — ^^Vpplication of Analysis to the Solution of 
ProWcras.— The Analysis of Butter.— Analysis of Cheese. — Tables for Calcu- 
lation. — Standard Solutions. — Index. 

"Without dAubt the best contrkbuti<m to the literature of it& sabject thaa la&eves bean 
written.." — Medirai Timd^ 



In Iducge 8vo. HandAome Gloth. 

AGRICOLTURAL CHEMISTRY AND ANALm : 

A MfACTfCML HMiOBOOK POfI THE USi OF A&HICyLTVRAL SfWUNTS, 
B¥ J. M. H. MUNBO, D.Sc., F.LC, F.C.S., 

fttiftmor of CtMaitstry, Downton College of Agricurture. 
., [In Preparation. 

LOMM: CMM.es 6lt»Rft & CO^ LIMiTEDp EXHER STREET, STMNfc 



74 CHARLBS QRIFFIN S OO.'S PUBLI0AT10N8. 

Crown 8vo, Handsome Clotb. Fully Illustrated, ids. 6d. 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 
A PraoticaJ Handbook for Medical Men, Ana/yaU, Inspectors and others. 
By C. AINSWORTH MITCHELL, B.A.(Oxon), 

Fdlow of the Institute of Chemistry; Member of Council, Society of Public Ajialysts. 

With Numerowt Tables, IllustroUions, and a Coloured Plate. 
Contents.— Structure and Chemical Composition of Muscular Fitee. — of 
Connective Tissue, and Blood. — The Flesh of Different Animals. — ^The Examina- 
tion of Flesh. — Methods of Examining Animal Fat — ^The Preservation of Flesh. 
— Composition and Analysis of Sausages. — Proteids of Flesh.— Meat Extracts and 
Flesh Peptones.— The Cooking of Flesh.— Poisonous Flesh.— The Animal Para- 
sites of Flesh. — ^Thc Bacteriological Examination of Flesh. — The Extraction and 
Separation of Ptomaines. — Index. 

** A compilation which will be most useful tor the class for whom it is Intended."— A thenaum. 
**A book which NO ONE whose duties involve considerations of food supply CAN AFFORD TO BS 
wrrHOUT.' —Municipal youmai. 



In Large 8vo. Handsome Cloth. With numer dus Illustrations. 
Each Volume Complete in Itself, and Sold Separately, 

TECHNICAL MYCOLOGY: 

THE UTILISATION OF MICR0-0B6ANISMS IN THB 
ABTS AND MANUFACTURES. 

A Praet/eai Handbook on kermentation and Fermentatioe Processes for the Use of 

Brewers and DistiHers, Analysts, Technical and Agricultural Chemists, 

and all Interested In the Industries dependent on Fermentation. 

By Dr. FRANZ LAFAR, 

Froftawu' of Fermentatlon-PhTiioloKr and IBacteriolosy in the Technical 
High School, YienuL 

With an Introduction bv Dk. EMIL CHR. HANSEN, Principal of th« 

Carlsberg Laboratory, Copenhagen. 

TRANSLATED BY CHARLES T. C. SALTER. 

Vol I.~SCHIZ0MVCBTIC FBRMBNTATION. 168. 

Including the Theory of Fermentation, the Principles of Sterilization, and Purs 
Culture Processes. 

Vol Iln Papt L-BUMVCETIC FBRMBNTATION. 78. 6d. 

The Mcfrphdiogyt Chemistry Physiology ^ and Fermentative Processes of the BumyeeUs, 
Zygomycetes, and Saccharomycetes. 

"The first work of the kind which can lay olahn to oompleteneas In the treatment of 
a fawdnating eabjeot. The plan is admirable, the classifloanou simple, the stjle is good, 
and the tendency of the whole -volume is to convey sore information to the reader.**-^ 



\* The publishers trost that before long they will be able to present ] . . 
with the whole of the second -volume, arrangements having been conclnded whereby, upon 
Its appearanoe in Germany, the English translation will be at onoe put in hand. This is now 
being done with Part I., which will be issued shorUy, and which will be foUowed by the 
two final parts. 
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In Crown 8vo, Handsome Cloth. Price 78. 6d. net, 

F E R M E N T S 

JBL M^ I> TKJBIIt JHL C T I O M^ S. 

A Text-book on the Chemistry and Physics of Fermentative Changes, 
Bt carl OPPENHEIMER, Ph.B., M.D., 

or the Physiological Institute at Erlangen. 

Translated fjrom .the Gebman by 
C. AINSWORTH MITCHELL, B.A., F.I.C, F.C.S. 

ABRlDaBD Contents.— Introduction.— Deftnition. — Chemical Nature of !Ferment8. — 
Influence of External Factors.— Mode of Action.— Physiological Action.— Secretion.— 
Importance of Ferments to Vital Action. —Proteolytic Ferments. -Trypsin.— Bacteriolytic 
and Hnmolytic Ferments.— Vegetable Ferment8.—CoagulatiDgFerment8.— Saccharifying 
Veiments. — Diastases. — Polysaccharides. — Enzymes. — Ferments which decompose 
Glaoosides.— Hydrolytic Ferments.— Lactic Acid Fermentation.— Alcoholic Fermenta- 
tion.— Biology of Alcoholic Fermentation.— Oxydases.— Oxidising Fermentation.— Bibli- 
ography.— Index. 

" Such a veritable muftum in parvo has ne-ver yet appeared. The author has set himself 
the task of writing a work on Ferments that should embrace human erudition on the 
subject "—Bf ewers Journal. 

Crown 8vo. Handsome Cloth. 
[Companion Volume to "FERHtENTS," by the same Author,] 

TOXINES AND ANTITOXINES. 

By OARL OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Translated from the German by 

C. AINSWORTH MITCHELL, M.A., F.I.C, F.C.S. 

With Notes and Additions by the Author, since the publication of the German Edition. 

Deals with the theory of Bacterial, Animal, and Vegetable Toxines^ such as 

'IvberciUin, Ricin, Cobra Poison, d:c. 

Bacteriologists, Medical Students, and Scientific Workers will find this book 

most valuable. 



Third Edition. In Handsome Cloth. Fully Illustrated. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WA.LTER J. SYKES. 

Revised by ARTHUR R. LING, P.LC, F.C.S., 

Editor of the Journal of the Institute of Brewing. 



In Crown 8vo. Handsome Cloth. 
A PRACTICAL LABORATORY HANDBOOK ON 

THE BACTERIOLOGY OF BREWING. 

By WALTER A. RILEY, F.O.S. 

Abridgbd Contents. — Laboratory Handbook and Apparatus. — Sterilisation. — 
NntritlTe Liquids. — Mici'oscope, Reagents, Ac. — Methods of Analysis. — Practical 
Methods, induding t^e use of " Brettanorayces," Cider and Wine Fermentations— 
Determining Races of Yeasts, Ac— Practical Notes on Yeast. 

lONDON : CHARLES GRIFFIN & CO.. LIMITED. EXETER 8TREEL STRAXD. 



76 CHARLES GRIFFIN dc CO.'S PUBLICATIONS, 

Second Edition, Kevisbd and Enlarged. 

With TablM, Illustrations in the Text, and 37 Lithographic Plates. Medium 

8vo. Handsome Qoth. 30s. 

SEWAGE DISPOSAL WORKS? 

A Guide to the Constraetion of Works fbr the Prevention of the 

Pollution by Sewasre of Rivers and Estuaries. 

By W. SANTO CRIMP, M.Inst.C.E., F.G.S., 

Late Asststant-Encineer, London County CoundL 
" Probably the most complstb and ««st trkatisb ob tiie lobject which has appeared 
ia our l$ngutige.''^£din^MrfA Afedtcmi/Mrnai. 



B^utifrdly IllustraUd^ with Numerous PkUea, DiagrMm^ and 
Figures in the Text. Sis, net, 

TRADES' WASTE: 

ITS TEBATMENT AND UTILISATION. 

A handbook for Borou^rh Engineers, Surveyors, Archlteets, and Analysts. 

By W. NAYLOR, F.O.S., A.M.Inst.C.E., 

Chief Inspector of Rivers, Ribble Joint Committee. 

CONTENTS.— I. Introduction.— II. Chemical Engineering.— III.— Wool De-greasing 
and ChF«aae Recovery .—lY. Textile Industries: Calico Bleaching and Dyoiag.—V. Dyeing 
and Callco-Printing.- VI. Tanning and Fellmongery.- VII. Brewery and Distillery 
Waste.— Vin. Paper Mill Refuse.— IX. General Tlvdes' Waste.— INDSX. 

'* There is probably no person In England to-day better fitted to deal ratioually with 
such a subject.*'— ^rtYtVi Sanitarian. 



In Handsome Cloth. With 59 Illustrations. 6s. net. 

A Manual for the Use of Manufacturers, inspectors, Metihat Cffioers of 
Heaith, Engineers, and Others, 

By WILLIAM NICHOLSON, 

Chie Smoke Inspector to the Sheffield Corporation. 
Contents.— Introduction. — General Legislation against the Smoke Nuisance. — 
Local Legislation. — Foreign Laws. — Smoke Abatement.— Smoke from Boilers, Furnaces, 
and Kilns. —Private Dwelling-House Smoke. — Chimneys and their Construction. — 
Smoke Preventers and Fuel Savers. — Waste Gases from MetaUui^ieal Furnaces. — 
Summary and Conclusions.— Index. 

"This practical book ou smoke abatement ... is likely to meet a long-felt 
want. . . . We welcome such an adequate statement on an important subject." — 
British Medical Journal. 



Second Edition. In Medium 8vo. Thoroughly Revised and Re-Written. 

15s. nelv 

CALCAREOUS CEMENTS: 

THEflt HA7VRE. PREPARATION. AND USES. 
By gilbert R. REDGRAVE, Assoc. Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S, 

•* We caa thoroughly recommend it as a first-class w\estm&at."-^Practical Mf^tttetf^. 

"We cordially recommend the book as the best on the suhiect."^ Satf^^yvfr. 

"The work is well illustrated, and forms one of the Standard Works on the subject.** — 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STMND. 



CHEMISTRY AND TECHNOLOGY. 77 

With Four Folding Plates and Numerous Illustrations. Large 8vo» 
Ss. 6d. net. 

A PtaeUcal Truitise on Ute S«tecthn of Sou noes aifd the Distribgtioncf Water, 
Br jaEGINALD K. MIDDLETON, M.Inst.C.E., M.Inst.Mech.E., F.aL 

Abridged Contbitts.— Introductory.— Requirements as to Quality. —3Riaq«iremeDt» 
as to Quantity.— Storage Re»erveirswPunfleattoD.>-Servioe Reservoirs.— The Flow 
of Water tlirough Pipes. — Distributing Systems. — Pumping Machines. — Special 
RequiremestB. 

" As a companion for tlie stadeat, and a constant reference for the techuical man, we 
anticipate it will t&keauimpoitaiit position on the bookshelf."— Pra(^t(;a{ Engineer^ 



Third Bmtion, Bcf^ised. Fully niustrated. In. Two Voluaaesk ', 
VoL.umE J.' Price 7s. 6d. net. 
99 U.— Reaoy SHOJnXY. 

THE OHElMfSTRY OF 

M Hamd'B^ok on ike Production, Parifieation, and Testing of Illuminating 
Saa, and the Assay of the Bye^Pmditets of Qas Scmufofftope^ 

By. W. J, ATKINSON BUTTERFIELD, M.A., F.I.C., F.aS.^ 

Fonnerly Head Chemist. Gas Works, Beckton, London. B. 
*'Tke SEBT woEK of its kind ^hich we have ever had the pleanure 4^ le- 
viewing.** — Journal oftrus Li^ieUnu* 



'With DiagTwns asnd lUaatratioiis. 58. net. 

JLC S 17 IT ILi E: MT E: : 

THE FRZNCIFIiSS OF TTS GENSR^TIOK ANX) UBS. 
By F. H. LEEDS, F.I.C., F.C.S., 

Hanber oi tbe Soe^ety «Off Public Analysts and of the Acetylene Aseociation; 

And W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.C.S.^ 

Consulting Chemist, Author of "The Chemistry of Gas Manufacture." 

" Brimful of information." — Ohan. Trade Journal. 

*' We can thoroughly recommend tlie book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus and methoda 
procedure, and to tlie stadeatas ajsafe and certain g;mde."—Aoettflene. 



Large Svo. Haadaevie Cloth. Price 16&. net. 

FIRE AND £XPL0810fl itISKS: 

A Handbook of the Detectiti, InBestigativn, and f^euention ofFdrea and Explosions* 

By Dr. VON SCHWABTZ. 

Transiatod irom the Revised German Edition 
By a T. C. SALTER. 

Abbktdoed OBinsRAL CoiTFBirss.-'^res and BxplMions of a Ommal CluuGnDter — 
Dangei-s arising from Sources of Light and Heat.— Dangerous OasM.— Rides AttendiiMr 
Special Industries. — MafceriaiB fin^ofed.— A^n^icnltiiral ¥\podui^.— S'ats, Oils, andf 
Resins.— Mineral Oils and Tar.— Aloohol, &c.— Metials, Oxides, Adds, <fec.~Tiia^>ningi 
Ignition Appliances, Firewocks. 

"The work affords a wealtli of infotmation on the ehemistry of ibe Bad kindreJ 
topics."— Fire and Water. 

" A complete and useful survey of a su1:>ject of wide inteawit and vital tsBportance."-* 
Oil and Colourman's Jovmal. 

LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAKa 



)ft CaARLKS QBIFFIN * rO,^ii FUBLWATI0N8, 

TwEij-TM Edition, Revised and Enlarged » Price da. 

PRACTICAL SANITATION: 

4 HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

FtiietUt MftH. Councilf and Exafnifur, Samtarr Jnttitute vf Grwai Briiam, 
amd Mtdical Officer to tht Staffordshire Co%mty CoimciL 

TRnttb an BppenMi on Sanltati? Xaw. 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Medical Officer of Health for th* Cotmty Borough of West Bromwich. 

General Contents.— Introduction. — Water Supply: Drinking Water, Pollution of 
AVater. — Ventilation and Warming. — Principles of Sewage Removal. — Details of Drainage ; 
Refuse Removal and Disposal.— Sanitary and Insanitary Work and Appliances.— Details of 
Plumbers' Work. — House Construction. — Infection and Disinfection.— Food, Inspection of; 
Characteristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food.— Appendix : 
Sanitary Law ; Model Bye-Laws, iS:c. 

" A VERY USEFUL Handhook, with a very useful Appendix. We recommend it not only to Sanitary 
INSPECTORS, but to HouSEHOLUEkS and ALL interested in Sanitary Matters.^— SanUary Record. 



At Press. In Handsome Cloth. With 53 Illustrations. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. Incor. Assoc. Mun. and County Engineers; Surveyor, Wombwell, Yorks. 

Contents — Water Supply. — Ventilation. — Drainage. — Sanitary Building Construction. — 
Infectious Diseases.— Food Inspection. — Duties of an Inspector of Nuisances and Common 
Lodjcing-Houses,— Infectious Diseases Acts. — Factory and Workshop Acts. — Housing of 
1 he Working-Classes Act. — Shop Hours Acts. — Sale of Food and Drugs Acts. — The Mar- 
varine Acts. — Sale of Horseflesh, &c.. Rivers Pollution.— Canal Boats Act.— Diseases of 
Animals. — Dairies, Cowsheds and Milkshops Order. — Model Bye-Laws. — Miscellaneous. — 

I NDEX. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profusely 
Illustrated. 8s. 6d. net. 

SANITARY ENGINEERING: 

A Practical Manual of Town Drainage and Sewage and Refuse Disposal. 

For Sanitary Authorities, Engrineers, inspectors, Arohiteots, 

Oontraotors, and Students. 

By FRANCIS WOOD, A.M.Inst.C.E., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 
GENERAL CONTENTS. 

Introduction. — Hydraulics.— Velocity of Water in Pipes. — Earth Presstures and Retaining 
Walls. — Powers. — House Drainage. - Land Drainage. — Sewers. — Separate System. — Sewage 
Pumping.— Sewer Ventilation.— Drainage Areas.— Sewers, Manholes, &c.— Trade Refuse. — 
Sewage Disposal Works. — Bacterial Treatment. — Sludge Disposal. — Construction and 
Cleansing of Sewers.— Refuse Dbposal.— Chimneys and Foxmdations. 

" The volume bristles with information wliich will be greedily read by those in need of assistance. The 
iKWk isone that oujfht to be on the bookshelves of EVERY PRACTICAL ENGINEER, '—iawtirary youmo.i. 

••A VERITABLE POCKET COMPENDIUM of Sanitary Enfirineeringf. ... A work which may, in 
iBUiy respects, be considered as complete . . , COMMendably CAUTIOUS . . iNTERBSTiMa 
. . . SUGGBSrrwns.."— Public Health Etvrituer, 

LONDON : CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET, STRAND. 



OHBMISTRT AND TBCHN0L0Q7. 79 

Vol. I. Now Ready. In Half Morocco, 24s. net. 

In Two Volumes, each complete in itself, 

PHYSICO-CHEMICAL TABLES 

FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 
MANUFACTURERS AND SCIENTIFIC CHEMISTS. 

Volame I.— Chemical Engineering, Physical Chemistry. 
Volume II.— Chemical Physics, Pure and Analytical Chemistry. 

By JOHN CASTELL-EVANS, F.I.C., F.C.S., 

Superintendent of the Chemical Laboratories, and Lecturer on Inorganic Chemistry and 
Metallurgy at the Finsbury Technical College. 

The Tables may almost claim to be exhaustive; and embody and collate all the most 
recent data established by expnerimentalists at home and abroad. The volumes will be 
found invaluable to all engaged in research and experimental investigation in Chemistry and 
Physics. 

The Work comprehends as far as possible all rules and tables required by the 
Analyst} Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c. ; and ^isxi the prin- 
cipal data in Thbrmo-Chbmistry, Elbctro-Chbmistrv, and the various branches of 
Chemical Physics. Every possible care has been taken to ensure perfect accuracy, and 
to include the results of the most recent investigations. 



In Large St^o. HaindAome Cloth, Beautifully Illuatrated, With 
Plates and Figures in the Text, 21 ». 

Road Making and Maintenance: 

A PBACTICAL TBBATISB FOB BNQINBBBS, 
SUBVBYOBS, AND OTHERS, 

With an Historical Sketch of Ancient and Modern Practice. 

By THOS. AITKEN, Assoc.M.Inst.O.E., 

Member of the Aasociiition of Municipal and County Engineers ; Member of the Sanitary 
Inst ; Surveyor to the County Council of Fife, Cupar Division. 

WITH NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS, 

Contents. — Historical Sketch.— Resistance of Traction.— Laying oat 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal.— Quarrying.— Stone Breaking and Haulage.— Road- 
Rolling and Scarifying. — The Construction of New, and the Maintenance 
of existing Roads.- Carriage Ways and Foot Ways. 

"The Literary style is BXCBLLXNT. . . . A compmhmsivh and mctilbkt Modem Book, an 
VF-TO-DATB work. . . . Bbould be on the reference shelf of every Mnniclpal and County 
Bnfflneer or Surveyor in the United Kingdom, and of every Colonial Engineer. "-rA« Surveyor. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET, STRAND. 



8o CHARLES GRIF^JN ^ QO:^ PUMldCA TIONS. 

Third Edition, Revised and Enlarged. With Illustrations, us. 6d. 

Painters' 
Colours, Oils, & Varnishes : 

A. BBJLOTIOAIm MAirUAIi. 

By GEORGE H. HURST, F.CS., 

Member of the Society of Chemical Industry ; Lecturer on the Tedhnology of Painters' 

Colours, Oils, and Vanushes, the Municipal Technical School, Manchester. 
General Contents.— Introductory— The Composition, M awu f auiu rb, 
Assay, and Avaltsis of Pigkbnts, Whke, i^ed, VeUow and Oamgt, Oreen, 
JUiie, Brown, and Black— Lakes — Colour and Paint Macbinery— Paint Vehicles 
(Oils, Turpentine, &c. , &c. ) — Driers — VARinsiiSS. 

" A THOROUGHLY PRACTICAL boolc, ... the ONLY E^gHA worlc that sadsfactcnrily 
Presets of the mnndlacture of oils, ooiosrs, and pii^uRi ts. "--CAwwm*/ Tfrndts' ymmmml. 

%* For Mr. Hurst's Garment Dteing and Cleaning, see p. 84. 



In Oown 8vo. Haodsome Clolh. With IlinsfratiflPK. Js. 

TflE PAINTER'S LABCffiATORY fiUIDE. 

A Stuiteiit's BandlMiok iif Joints, Colours, and Yamiites. 

By GEORGE H. HURST, F.C.S., M.S.CI. 

Abstract of Contents. — Preparation of Pigment Colours. — Chemical Principles 
Involved.— Oils and Varnishes. — Properties of Oils and Vainishes. — Tests and Experiments. 
— Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 
This Work has been designed by i lie Author Jor the Laboratory of the Technical School^ and 

■nfthe Paint and Colour Works ^ -and /or 4bU inUreaUd or engaged in ihtte industries. 

*'This excellent handbook, . . , the model of what a handbook should be." — Oils, 
Colours^ and Drysatteries. 



SS0O19D EBiim^sr, Jievised. In Qtmrnn 8vo. «xtra . With NiBMMas Blustra* 
tions and Plates (some in Colours), including Original Designs. 12s. 6d. 

Painting and Decorating: 

A Gomplete Practical Manual for Homac 

Painters and Decorators, 

By WALTER JOHN PEARCE, 

LBCTUREB AT THE KARCHBSTSR TBOHBICAL BOB0OL TOR IfOCaK-PAIHTDra AND IWOOSATIXrO. 

GENERAL CONTENTS. 
Introduction — ^Workshop and Stoves— Plant and Appliances — Brushes and 
Tools— Materials : Pigments, Driers, Painters' Oils— Wall Hangings — Pa^r 
idttomg— Ookmr IMixing— DwfeeHipering — ^Pktin Pamtmg— Stamawr—Varmslk 
»nd V«irishiag— imibative Paintuig— Graonag — MarWiag — OilaiDef---Sigii- 
Writi^g aind Letteriztg — Decocation : Gkaecal Priacii^es — DeccsstiMi in IMs- 
top pe r — Painted Decoration — Betievo Deooratioa — Ooloiv — Meatnring and 
Estimating — Coach-Pauiting — 6hip-Paintnig. 

"A THOBOUGHLY XTSEFUL BOOK . . . GOOD, SOUND, PRACTICAL HTPOB- 

IIATION m a CLEAR and concise vorm."— P2w7n&er and Decomior. 

** A THOBOT70SLY OOOD ATTD BSLIA^S nCKT-BOOK. . . , So VCZXi and 

COMPLETE that it would be difficult to imagine how anything further could be 
«dd«d about the Pawter's oniV—BuUders^ J^wmal, 

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STRAND. 



CHEMISTRY AND TECHNOLOGY. 8i 

In Large 8vo. Handsome Cloth. With 4 Plates and Several 
Illustrations. t6s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

A Treatise on the Nature of India Rubber, its Chemieal and 

Physical Examination, and tho determination and 

Valuation of India Rubber Substitutes. • 

tnchiding the Outlines of a Theory on Vulccmimition, 

By carl otto WEBER, Ph.D. 

** Replete with scientific and also with technical interest. ., • • The section on physical 
properties is a complete risume of every thing known on the subject." — Ittdia-rtibbtr J^mmal* 



In Large Crow'n 8vo. Fully Illustrated. 5s. net. 

AND THEIR ALUSD PKODUCTS, 
A PraetivfJ Handkooft for the ihinufactuter, Agrieutttrrist, and Studmt tf IF^hnwtogy, 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

Contents.— Historical.— Glue.— Gelatine. — Size and Isingrlass.— Treatment of Efflu- 
ents produced in Glue and Gelatine Making. — Liquid and other Glues, Cements, &c. — Uses 
of Glue and Gelatine. — Residual Products. — Analysis of Raw and Finished Products. — 
Apfen dix.— Inoix. 

"A sufficient account of modern methods of working, chiefly from a practical standpoint. 
A book . . . of real value."— C/wiWMVi/iWiitf. 



In Medium Svo, Handsome Cloth. Fully Illustrated. 

PAPER TECHNOLOGY! 

AN ELEMENTARY MANUAL ON THE MANUFACTURE. PHYSICAL QUALITIES* 

AND CHEMICAL CONSTITUENTS OF PAPER AND OF 

PAPERMAKING FIBRES. 

WUh Selected Tables tor Stationeps, PobUsliera, and Others. 

By R. W. SINDALL, F.C.S. 

Contents.— Introduction.— Technical Difficulties relating to Paper.— The Manufacture 
of Rag Paper, Hand-made, Machine-made ; Esparto Papers ; Chemical Wood Pulp ; Me- 
chanical Wood Pulp ; Wood Pulp Papers ; Art Papers ; Hemp, Jute, and other Papers. — 
The Physical Qualities of Paper: Weight, Thickness, Strength, Elasticity, &c.— The 
Chemical Constituents of Paper : Clay, Pearl Hardening, Gelatine, Casein, Rosin, Alum, 
Starch, Pigments, Aniline Dyes, &c. — Chemical Analysis of Paper. — Microscopical Analy- 
sis.— Conditions Affecting Quality.— "C.B.S. Units."— Vegetable Fibres used in Pap>er- 
making.— Chemical and Physical Characteristics of Fibres.— Cellulose.— Statistics relating 
to Paper. — ^Tables.— Bibliography.— Index. 

In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net 

THE MANUFACTURE OF INK. 

A Handbook of the Production and Properties of Printing, 
Writing, and Copying in its. 

By C. a. MITCHELL, M.A., F.I.C., and T. C. HEPWORTH, 

General Contents.— Historical. —Inks and their Manufacture.— Writing Inks.~ 
Carbon and Carbonaceous Inks. — ^Tannin Materials for Ink.— Nature of Inks. — Manufacture 
of Iron Gall Ink. — Logwood, Vanadium, and Aniline Black Inks. — Coloured Inks. — 
Examination of Writing Inks. — Printing Inks. — Early Methods of Manufacture.— 
Manufacture of Varni^ Inks. —Preparation and Incorporation of the Pigment — Coloured 
Printing Inks.— Copying Inks. Mmrklnv Inks.— Natural Vegetable Inks.— Safety Inks 
and Papers. — Sympathetic Inks. — Ink Powders and Tablets. — A^qpendices. — Patent 
Specifications, &,c. 

' ' Thoroughly well arranged . . . and of a genuinely practical order." — Briiish PrinUr, 

UMDOM: CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET. STRAND. 
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Second Edition, Thoroughly Revistd Turoughout, In Two Large 
Volumes. Handsome Cloth. 

A MANUAL OP DYEING; 

fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS. 
AND ALL INTERESTED IN THE ART OF DYEING. 

BY 

E. KNECHT, Ph.D., F.LC, CHR. RAWSON, F.I.C., F.C.S.» 

HMd of the OhamiitiT and Dyeing Department of Late Head of the Chemistry and Dyeing DepextaMiit 
(h* TMhaloal SohooU Mancheeter: Editor oi "The of the Technioal OoUege, Bradford ; Membtt 
Joumal of the Sooiety of Dyen and Colonrlitta ; " Ooondl of the Society of Dyan and Colonrlati ; 

And RICHARD LOEWENTHAL, Ph.D. 

GxKBRAL Contents. — Chemical Technology of the Textile Fabrics — 
Water — Washing and Bleaching — Acids, AJLkalies, Mordants — Natural 
Colonring Matters — Artificial Organic Colonring Matters — Mineral Colours 
— Maohinery used in Dyeing — Tinctorial Properties of Colouring Matters — 
Ani^sis and Valuation of Materials used in byeing, &c., &c. 

" l^ils anthoritatiTe and ezhanstlye work ... the most ookplbtb we have yet seen 
«oii the sabjeot"— rcx^ito Manufacturer. 



In Large Svo, Handsome Cloth. Pp. i-xv + 405. IGs. net. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN. D.Sc. (Manchester and TCbingen), 
Technical Chemist, 

And JOCELYN FIELD THORPE, Pn.D. (Heidelberg), 

Lecturer on Colouring Matters in the Victoria University of Manchester. 

Part I. Theoretical. Part II. Practical. Part III. Analytical. 

" We have no hesitation in descrihing this treatise as one of the most valuable books 
that has appeared. . . . Will give an impetus to the study of Organic Chemistry 
-generally."— CAemwjai Irade Journal. 



Companion Volume to Knecht <L' Rawson's " Dyeing." In Large 8vo. 

Handsome Cloth, Library Style. IGs. net. 

A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

WlVi FormuloB, Properties, and Applications of the various substances described, 

and concise directions for their Commercial Valuation, 

and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, F.I.C., F.C.S., 

€onsulting Chemist to the Behar Indigo Planters' A»sociation ; Co-Author of " A Manual 

of Dyeing ; " 

WALTER M. GARDNER, P.C.S., 

Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College; 
Editor of the " Jonm. Soc. Dyers and Colourists ; " 

And W. p. LAYCOCK, Ph.D., P.C.S., 

Analytical and Consulting Chemist. 
'* Turn to the book as one may on any snbjectf or any substance in connection with the 
trade, and a reference is sure to be found. The authors have apparently left nothing out. " 
— JVxrtte Mereury. 

lONDON: CHARLES GRIFFIN & CO.. LIMITE", EXETER STREET, 8TRANB. 



THIC TLX'JILE INDCSTBIhS. 83 

Large 8vo. Profusely Illustrated with Plates and Figures in the Text. 

168. net. • 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX, HEmP, JUTE, TOW, & RAMIE). 

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding, 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

By HERBERT R. CARTER, Belfast and Lille. 

GSNBBAL Contents.— Long Vegetable Fibres of Commerce.— Bise and Growth of 
the Spinning Industry.- Baw Fibre Markets.- Purchasing Baw Material.— Storing and 
Preliminary Operations.-Hackling.— Sorting.— Preparing. — Tow Carding and Mii£iff. — 
Tow Combing.— Oill Spinning.— The Boving Frame.— Dry and Demi-sec Spinning.— Wet 
Spinning.— Spinning Waste.— Yarn Beeling.— Manufacture of Threads, Twines, and 
Cords.— Bope Making.— The Mechanical Department.— Modem Mill Constmction.^- 
Steam and Water Power.— Power Transmission. 

" Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satisfactory. . . . We must highly commend the work as repre- 
senting up-to-date practice."— iyTatwre. 

In Large ^vo. Handsome Cloth, with Numerous IlltLStrcUiovs, 98. net* 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Ocourrence, Distribution^ Preparation, and IndnstriaL 

Uses of the Animal, Vegetable, and Mineral 

Products used in Spinning and Weaving. 

By WILLIAM I. HANNAN, 

Lecturer on Botany at the Ashton Municipal Technical School, Lecturer on Cottou 
Spinning at the Chorley Science and Art School, &c. 

With Numerous Photo Engravings from Nature. 

** Useful Information*. . . . Admirable li i.ustbatioks. . . . The information 
is not easily attainable, aud in its present convenieLt toim will be valuable."— 2to^ 
Recorder. 



In Large 8vo, with Illustrations and Printed Patterns. Price 21& 

TEXTILE PRINTING: 

A FBACTICAIi MANUAIi. 
IneincUiig the Processes Used in the Frintbig of 
COTTON, WOOLLEN, SILK, and HALF- 
SILK FABEICS. 
By C. F. SEYMOUR ROTHWELL, F.C.S., 

Mem. aoe. of Chemical Jndtutriet; late Lecturer at the Munieipai Teehmieal Schools 
Mamehester. 

General Contents. — Introduction. — The Machinery Used in Textile- 
Printinff.— Thickeners and Mordants.— The Printioeof Cotton Goods.— The- 
Steam Blrjrle.— Colours Produced Directly on the Tibre.— Dyed Styles.— 
Padding Style.— Besist and Discharcre Styles.— The Printing of Compound 
ColourinflB, &a— The Printing of Woollen Goods.— The Printing ox Silk 
Goods.— Practical Recipes for Printing.— Useful Tables.— Patterns. 

* Bt var m Bin and most psactioal hook on tsxtilb panrriMO whioh has yet besa 
ht oat, and will long remain the standard work on the sabjeet It Is eiiientlaHy 
-. .^oal in oharaoter.**— 7«rtt7e Merturf. 

" Tn MOST FBAOTXOAL MAimAL of TRXTOA pBumMO whloh hfti jot appeared. We haft 
•" - ^- -* -1 in reoommeDding it"— 1%« TextUe Manufaetvrer. 
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84 CHAMLMS QHIFFIN ^ GO/S PUBLlVATIOJlfS, 

I^u'ge Svo. HiLDdaome Cloth. 12a. 6d. 

BLEACHING & CALICO-PRINTING. 

» A Sliort Manual for Stiadenta and 
Practical Men. 

Bt GEORGE DUERR, 

THetmreal BchooLi : OTiaiaJat act! Colourui. At tbA Itv«]| Print WorfeLL 

— AssiBt^ii* BT WILLIAM TURNBULL 

(of TurabnU 4 ^jtocktWe* Unaitod}* 

Wltfh lUustratioDB and upward a af One Hundred Dyed and P^ted Fattemt 
designed specially to ahow various Stages of the Processes described. 

GENERAL CONTENTS.— CoTTOTT, Ctrnipoaition of; Bleaching, New 
ProceBteB ; PrintinOv H&nd-Bkiek ; Flat-Preea Wiirk ; jMiwLine Printu^g^ — 
MoBDAiiTS— Stiijeh OF CALlOO-PniNTlJ^a ; Tht* Dyed or Madder Style, Beairt 
Padded Style^ Discharge and Extract Style^ Chromed or Haieed CoIoutb^ 
Insoluble Colotirs, &c. — l*hickeners — Natural Organic Colouring Matters 
— Tftnnm Matt«ra — » Oils, t^<»A^i&^ Solvents — OrgAuiu Acids —Ssilts^ Mineral 
Colours— Coal Tar Coloui^s— Dyting — Water, iisofteniug of— Theory of.CoIoTirB 
— Weights (md Muaaurea, &c- 

*' When H ns^DT WAT ont cT >^ dElBcttTtr ii wasted, U iv fioox^ Liu 7niB that It 1b foand.^— 

"Ml-, Duiiaas wosK wUJ Iwronitd V04T tJSiFUL , » . Th4liiirormat}oii.;clTeD La orouAt 



Second Edhion. Revised and Enlarged, With Numerous 
lUu&lrationsi 43i 6di, 

GARMENT 
DYEING AND CLEANING. 

A Practical Book for Practical Men, 

By GEORGE H. HURST, F,C.S., 

Member of it« Society of Cheinitat Industry, 

GeneraLt Contents,— Technology of the Textile Fibres — Gsirrnenl Cleaning 
— D^ing of TexiJle Fabrics — Rleaching— Ftnishijig of Dyttl and Cleaned Fabrics — 
Scooritig and Dyeija^ of Skin Rugs smd Mats— Cleaning and Dyeing of Feathers — 
Glove Qe9.rxinj; and Dyeing — Su aw Bkadiinf and Dy^im^ — Glossary t£ Drugs 
and Chenucals^ — U^fui I'atit^^ 

" An ^''iP-^oiTATis hxnd book has lon^ been wmted^ and Mr. Hurst has done notbxnf 
more complete than this, Aji iuporiAwt wf^rk, the mOTc ko ih»t several of the fe«ancbes of 
tlie enfc btm treated upon are almost entirejrir withcin English Maemuis for the jpiidaoce 
of wvrfcer*. The price btidg^ it witbjj^ the reach of ilV^I^yrr anfd Ca/KO-Pwimia*; 

*' Mr. Hurst's wor* decidedly fii.l^ a want . , . oughl to be in the hsiuli ct 
Mvairr aAnniKxT dv%b and cl^iiier in the tCinifdora" — 7txtile /tfj^vnty^ 

L0IU)OH:6HAllL£SGBlFFUt A Ca, LIMITED. EXETER STREET, STRAKO. 



INTRODUCTORY SCIENCM SERIES, 85 



*Boyi OOULD NOT HAVE A MORB ALLURING INTRODUCTION tO scientific pursniU 

thM charminip^lookinft voliMwa."— ' " ~ ' 

mMter.ataiie of ouv great FaUic Sehoefai. 



than thM charminip^lookinft voIummb."— Letter ta the Publiaben Ixoai. the Hm4i- 
ae of ouv great FaUic S 



Handsome Cloth, 7s. 6^ Gilt, for. Presentation, Ss. 6d. 

OPEH-JUR STUDIES IH BOTflJlY: 

SKETCHES OF BRITISH WILD FLOWERS 

IN THEIR HOMES. 

By R. LLOYD PRAJEGER, B.A, M.K.LA. 

niastrated by Drawings from Nature by S. Rosamond Praeger, 
and Pbotogrraphs by R. Welch. 

GBirBBiiL CovTBNTB. — ^A Dusy-Starred Pastare^-Undertfa* HawAom* 
— BytheRtvep— Akng the Shisgle — ^A Fragrant Hedgerow— A ConncwMa 
Bog — Where ^e Samphire stows — A Flowery Meadow— AnMmg the OonK 
(a Study in Weeds) — In the Home of the Alpines — A City RttMaish»He ap 
Glossary. 

<«A raBHB ABD snxDLAinwt book . . . should take a high plaoa . . . Ibe 
niustrations are drawn with muefa akiU."— T%0 Tivut, 

" BBAUTiruUi¥ TlrLP8TaAiKft. . . . One of the MOST ACCURATE as weU as 
niTERBSTlNO boohs of th* kind we hav* aeeiL"-~Athenani.m. 

"Bedolent with the scent of woodls&d and meadow."— 7A« Standard. 



Wtth 12 Full-Page ntu^nsUoM from Photographs. CTotb. 
Second Edition, Revised, 8». 6d, 

OPEJi-fllll STUDIES HI GEOIiOfiY: 

An brtMduetton to Geolcgy (MroUdomnk 
Br GRBNVILLE A. J. COLE, F.G.S., M.R.I.A., 

Professor of Oeology in the Boyal Ck>llege of Science for Ireland, 
and BxMnteer in tba Univusity of XoadoMw 

Qmnajoi CoKnMTs.— Tb» MoterialB of th* Etertli—A Moortaui Boil»« 
—Down the Valley— Along the Shore— Across the Plains — Desid VoloaBoea 
—A Gf amte ffi^iUmd— Ifie Anaak of the Butfa— The Sntrex Hilb— The 
Folds of the Moimtauis. 

**The fimiiiiiBo 'OtuihAik Sfruniss' of n»ffi Oocx sire the labiect a glow or 
ANIMATION . . . cannot fair to aroaae keen interest In geology."— ff«ofo^ica/ M^gmtiau, 

'* A CHAHMiSG BOOK, beaatlfnlly i ila8trated."-ii< Aenmim. 

Beautifmify Ithiatrated, With a FrsMia^ieee in Colours, arid HkimmrnuM 
S^emdly Oramn Ptmtm fry Ckarism Wh^m^er. 7a^ 6tt* 

OPEU-fllH STUDIES 18 BIUD-MFE: 

SKETCHES OF BRITISH BIRDS m THEIR HAUNTS. 
By CHARLES DIXOK 

TheanaoiraftAir.— ThfrOprnFieklB amL Dowm.— In the Haig«nw%— Ott 
OpenlHeath and Moer.— Ob the Mfrantainv.— Amongst the EvmgfWM -* 

Copse and Woodland.— By Stream and Pool.— The Sandy Wastes and Mud- 
flats.— Sealaved Roaksb— Birds ol Ae Cities.— Index. 

"Enriched with excellent illustrations. A welcome addition to all libraries."— ^i?j/* 
minster Review, 

lONDON: CHARLES GRIFFIN & CO.. LIMITED: EXETER STREET. STRANBl 
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CHARLES OJtIFFIN A CO.*S PUBLICATIONS. 



Twenty-second Annual Issue. Handsome doth, 7s. 6d. 
(To Subscribers, 6s.). 

THE OFFICIAL YEAR-BOOK 

or TMK 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 

COMPILED FROM OFFIOIAL 80X7BOB& 

Oompriaing {together with other Offioial Information) LISTS of the 
PAPERS read during the Seaeion 1904-1905 before all the LEADING 
SOCIETIES throughout the Kingdom engaged in the following Depart' 
menta of Reaearch ;— 

i 6. Economic Science and Statistics. 

I 7. Mechanical Science, Engineering, and 

Architecture- 
i 8. Naval and Militaij Soenoe. 
} 9. Agriculture and Horticulturtt. 
ixo. Law. 
S II. Literature. 
|ia. Psychology. 
9 13. ArauDology. 



1 1. Science Generally : i .#., Societies occupy- 
ing themselves with several Branches of 
Science, or with Science and Literature 
Jointly. 

I ■. Mathematics and Ph3rsics. 

i 3. Chemistry and Photography. 

i 4. Geology, Geography, and MineralMj. 

Is* Biology, includizig Microscopy and An- 
thropology. 



$14. Mkdicink. 



"Fills a very real want." — Engineering, 

" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh Medical 
Journal, 

" The Ybar-Book op Socibtiss is a Recotd which ought to be of the greatest use far 
the progress of 8deaxce.**— Lord PiaxfiUr, F.RJS., K,C,B^ M,P,, Pasi-Pttsidtnt ofHu 
Briiish AsMcioHoii, 

"It goes almost without sayiog that a Handbook of this subject will be in time 
one of die most geaiCTally useful works for the library or the desk.*'— 7*A# Timet, 

"British Societies are now weU reareswited In the 'Yeai^ook of the Scientific and 
Learned Societies of Great Britam and Ireland." 
" Encyclopaedia Britannica," vol. xxiL) 



"—(Art. "Societies'* in New Edition of 



Copies of the First Isstte, giving an Account of the History, 
Org^ization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may stiU be 
had, price 7/6. Also Copies of the Issues following. 



The YKAR-BOOK OF sociETiBS forms a complete indkx to thk scibntific work of the 
sessionar^^es^T^TK^vsurtou^tepartments. It is used as a Handbook in all our great 
ScisNTiPic Ckntrbs, Musbums, and Librarii^s throughout the Kingdom, and has become 
an INPISPRWSABLK book of refbrbnch to every one engaged in Scientific Work. 

READY IN OCTOBER EACH YEAR. 
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